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P a r t  I .
The S t e r e o c h e m i s t r y  o f  t e t r a s u b s t i t u t e d  S u lp h u r .
P a r t  I .
The s y n t h e s i s  o f  Sodium 4 - (  2- m e n t h y l ) - b e n z e n e s u l p h o n c h l o r a m i d e .  
I n t r o d u c t i o n ,
C h a t ta w a y  ( J .  ,1 9 0 5 ,  148) f i r s t  p r e p a r e d  so d iu m  £ - t o l u e n e  
s u lp h o n c h lo r a m id e  , known a s  c h lo r a m in e - T  , by a l k a l i n e  t r e a t ­
m en t  o f  £ - t o l u e n e s u l p h o n d i c h l o r a m i d e  ( p r e v i o u s l y  d e s c r i b e d  by  
K a s t l e ,  A m er.Chem. J , ,1 8 9 5 ,  1 7 ,7 0 4 )
Ar.SOg.HHg C$ ( O G l ) 2 ,A r .8 0 _ .M C l_  SO. fOWa^ sHCl
I n  1916 D ak in , C ohen , D a u f r e s n e  an d  K enyon  ( P r o c . Roy. 
S o c , ,1 9 1 6 ,  89B, 232) i n v e s t i g a t e d  t h e  g e r m i c i d a l  a c t i o n  o f  
so d iu m  h y p o c h l o r i t e  and  i t  a p p e a re d  t h a t  t h i s  r e a g e n t  was c o n ­
v e r t i n g  a p p r o p r i a t e  g ro u p s  i n  p r o t e i n  t o  an  ;N-C1 f u n c t i o n  a n d  
t h i s  s u g g e s t e d  b i o l o g i c a l  t e s t i n g  o f  com pounds c o n t a i n i n g  t h i s  
l i n k a g e  , C h io ra m in e -T  was f o u n d  to  be a c t i v e  a n d  i t s  d i r e c t  
p r e p a r a t i o n  by  sod ium  h y p o c h l o r i t e  t r e a t m e n t  o f  t h e  su lp h o n a m id e  
was d e s c r i b e d ,
A r.SO ^.RH ^ + NaClO = A r.S O .(O N a);N C 1 + H^O
O hio  ram i ne -T  was f i r s t  f o r m u l a t e d  a s  a  A r ,
d e r i v a t i v e  o f  i s o c h lo r a m in e  , 0 - .........S— ~ 0  Na
( C h a t t a w a y ,  l o c . c i t , ; D a k in ,C o h e n ,  N -C l
D a u f r e s n e  a n d  K eny on , l o c . o i t . ; Farm a n d  P o pe , J , , 1 9 2 2 ,  1052)
L a t e r  w o rk e r s  s u g g e s t e d ,  
( C l a r k e ,  Kenyon a n d  P h i l l i p s ,  J • ,  
1 9 2 7 , 188  )
A r .
o ^ s t - o '
ÎI-C1
Na'*'
The a im  o f  t h e  p r e s e n t  work was t o  p r e p a r e  a n  
o p t i c a l l y  p u r e  4 - ( 3 - m e n t h y l ) - b e n z e n e s u l p h o n i c  a c i d  a n d  t o  
c o n v e r t  t h i s  a c i d  t o  t h e  c h l o r a m n e - T  a n a lo g u e  w i t h  a n  
o p t i c a l l y  p u r e  m e n th y l  r e s i d u e  r e p l a c i n g  t h e  m e th y l  o f  t h e  
u s u a l  c h lo r a m in e - T .
The p r e p a r a t i o n  o f  th e  s u l p h o n i c  a c i d  was e f f e c t e d  
b y  s u l p h o n a t i o n  o f  t h e  h y d r o g e n a t i o n  p r o d u c t  o f  t h e  known 
3 -p h e n y lm e n th e n e  •
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D i s c u s s i o n .
3 -P h  e nylm e n th e  ne  «,
3 -P h e n y lm e n th e n e  was f i r s t  d e s c r i b e d  by M u ra t  ( J .P h a r m .  
Chim. ,1 9 1 1 ,  4 2 9 4 ;  C h e m .Z e n t r . ,1 9 1 1 ,  I I ,  1449) a s  t h e  
d e h y d r a t i o n  p r o d u c t  o f  3 - p h e n y l m e n t h a n - 3 - o l ,  M ura t r e a c t e d  
1 -m e n th o n e  o f  [ ^ ] ^ - 2 3 o 6 °  w i t h  p h e n y l  m agnesium  b ro m id e  a n d  
o b t a i n e d  a  " l i q u i d  o f  m e n th o l  an d  cam phor o d o u r"  
b . p .  175° /20m m ., 0 . 9 8 4 3 , 5 2 ?  , [ o C ] ^ ° - l 6 . 3 2
T r e a tm e n t  o f  t h i s  c a r b i n o l  w i t h  o x a l i c  a c i d ,  z in c  c h l o r i d e ,  
o r  by  p a s s i n g u o v e r  a lu m in iu m  o x id e  a t  t h r e e  h u n d r e d  d e g r e e s  
gave  a  t h r ee- 3 -p h e n y lm e n th e ne  h a v in g :
b . p .  2 6 8 - 2 72° / 7 6 0 mm., d ^ °0 . 9 6 2 1 , , [oC ]p+ 13 .1 5 °
Read a n d W a t t e r s  r e p e a t e d  th e  c a r b i n o l  p r e p a r a t i o n
a n d  o x a l i c  d e h y d r a t i o n  i n  1929 . ( 1 .1 9 2 9 ,  2 l6 5 )  . T h e s e  w o rk e r s
1s t a r t i n g  f ro m  1 -m e n th o n e  o f  [ 06] ^ ^  - 2 5 . 6 5 ^ r e c o r d e d  t h e  p r o p e r t i e s
f o r  th e  c a r b i n o l :
b . p . l 7 0 - l 7 2 ° / l 8 mm., d ^^O .9872  , % ^ ^ 1 . 5 2 6 5 ,  [ ^ J ^ ^ - 2 2 . 8 7 *  
a n d  f o r  t h e  d e h y d r a t i o n  p r o d u c t  g iv e :
b . p . 1 4 9 - l 5 l ° / l 8 m m . ,  d ^ ^ O .9 3 6 5 , %  ^ ^ 1 .5 2 7 5 ,  [oC ]^ ’^ +43. 48*
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S i m i l a r l y  f ro m  d - i some n t h o n e  ^ -f t h e  c a r b i n o l  h a d ;
b . p . l 5 0 - 1 5 2 ° / 9 m m . ,  d ^ ^ O .9 8 1 2 , ^  ^ ^ 1 .5 2 6 5 ,  W ^ + 0 . 4 4 °  
a n d  t h e  o x a l i c  a c i d  d e h y d r a t i o n  p r o d u c t ;  
b ,p ,1 2 7 - 1 2 0 ° /5 m m . ,  7l ^ ° 1 . 5 2 7 , M p  + 1 6 .3 °
Read a n d  W a t te r s  ( l o o . c i t . ) s t a t e  "The a l c o h o l s
a r e  p r o b a b l y  s t e r e o  c h e m i c a l l y  h e te r^ ^ o g e n e o u s  b e c a u s e  t h e y
a r e  fo rm e d  by p a r t i a l  a s y m m e tr ic  s y n t h e s i s  f ro m  e q u i l i b r i u m
m i x t u r e s  o f  1 -m e n th o n e  a n d  d - is o m e n t h o n e " .  I n  s u p p o r t  o f
t h i s  c o n t e n t i o n  t h e s e  w o r k e r s  d e s c r i b e d  t h e  f o r m a t i o n  o f
a d d i t i o n  com pounds b e tw ee n  m agnesium  d ib r o m id e  an d  1 - p i p e r i t o n e ,
d - i  some n th o n e  a n d  1 -m e n th o n e .  On d e c o m p o s i t i o n  w i t h  w a t e r
t h e  1 - p i p e r i t o n e  h a d  c o m p l e t e l y  r a c e m iz e d  a n d  t h e  o t h e r
k e t o n e s  h a d  p a r t i a l l y  r a c e m i z e d .  The a d d i t i o n  c o m p le x e s  were
t h e r e f o r e  f o r m u l a t e d  by  t h e s e  w o rk e r s  a s  fo rm e d  f ro m  t h e  e n o l
c
RG— 0  Mg  ----- 0 — OR a n d  S c h le n k  a n d  S h le n k  ( B e r . , 1929,
H H
62 920 ) h a v e p r o p o s e d  t h a t  t h e  c o m p o s i t i o n  o f  t h e  ’G r i g n a r d
r e a g e n t  ’ may be r e p r e s e n t e d  as2RMgX ^  R^Mg + Mg%^. I f  t h i s
)
i s  so  t h e  r e a c t i o n  s o l u t i o n  t h u s  c o n t a i n s  Read a n d  W a t t e r ’ s  
’ é n o l i s a t i o n  r e a g e n t ’ .
R ead  a n d  W a t t e r s  ( l o c . c i t . ) p o i n t  o u t  t h e  c l o s e  s i m i l a r i t y
i n  p h y s i c a l  p r o p e r t i e s  o f  t h e  o l e f i n s  d e r i v e d  f ro m  t h e  two
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k e t o n e s  and  t h a t  t h i s  may be t a k e n  t o  i n d i c a t e  a  p r e f i n a n c e  
o f  3 : 4 o l e f i n  f o r m a t i o n .  On e m p i r i c a l  g r o u n d s  t h i s  w o u ld  be t h e  
e x p e c t e d  p a t h  o f  e l i m i n a t i o n .  T hus H a r r i s  a n d  T u r n e r  ( " O r g a n ic  
C h e m is t r y " ,  L ongm ans G reen  a n d  C o . ,  L o n d o n , 1952, 58 ) s t a t e  
" E x a m in a t io n  o f  a  l a r g e  nu m b er o f  a l c o h o l s  o f  d i f f e r e n t  ty p e  
h a s  l e d  t o  a  f u r t h e r  g e n e r a l i z a t i o n  , t h a t  i f  a n  a l c o h o l  g ro u p  
i s  s i t u a t e d  b e tw e e n  c a r b o n  a to m s  a t t a c h e d  t o  d i f f e r e n t  
n u m b e rs  o f  h y d r o g e n  a to m s  w a t e r  e l i m i n a t i o n  w i l l  m a i n l y  i n v o l v e  
t h a t  c a rb o n  b e a r i n g  s m a l l e r  num ber o f  h y d r o g e n  a to m s " .  I t  was 
n o t e d  h o w e v e r  t h a t  t h e  o l e f i n  d e r i v e d  f ro m  1 -m e n th é n e  had- 
h a d  e n h a n c e d  o p t i c a l  r o t a t i o n .
More r e c e n t l y  C a r l i n  and  h i s  c o - w o r k e r s  ( J . Amer. Chem. 
S o c . ,  1945, &7 9 2 8 ;  1947, 69 5 0 ;  1953, 75  3969 ) h a v e  s t u d i e d  
t h e  d e h y d r a t i o n  o f  o r t h o - s u b s t i t u t e d  1 - p h e n y l c y c l o h e x a n o l s .
T hey  fo u n d  t h a t  1- (  2 ; 4 - d im e th y lb e n z e n e  ) - 2 ;  6 - d i m e t h y l c y c l o -  
h e x a n o l  , r e s i s t a n t  t o  o t h e r  r e a g e n t s  , was s m o o th ly  d e h y d r a t e d  
by  a n h y d ro u s  o x a l i c  a c i d  a t  e l e v a t e d  t e m p e r a t u r e s , a n d  showed
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t h a t  p o s s i b l e  r e a r r a n g e m e n t  o f  t h e  c y c l o a l k y l  r i n g  d i d  n o t  o c c u r  
i n  t h i s  and  o t h e r  a n a lo g o u s  c a s e s  by c o n v e r s i o n  t o  d i p h e n y l  
d e r i v a t i v e s .
T h is  w ork t h e r e f o r e  i n d i c a t e d  a n h y d ro u s  o x a l i c  a c i d  
a s  t h e  p r e f / e i ^ d  d e h y d r a t i o n  a g e n t .
I n  t h e  p r e s e n t  w ork t h e  c a r b i n o l  o b t a i n e d  f ro m  
1 -m e n th o n e  o f  [ ^ ] ^ ^ - 2 8 . 2 3 ^  h a d  t h e  p r o p e r t i e s  ; 
b . p .  1 3 8 -1 4 0 ° /5 in m ., ? ^ ^ ^ 1 .5 2 3 2 ,  W 5451  - 2 0 . 1 5 °
a n d  t r e a t m e n t  w i t h  a n h y d ro u s  o x a l i c  a c i d  a t  180^ g av e  t h e  m e n th e n e
b .p .1 5 0 - 1 5 6 ° /2 2 m m . ,  ^ " ’'^ 1 .5 3 1 0 ,  + 5 9 .7 8 ° ,  [06]
I t  i s  n o t i c e a b l e  t h a t  i n  t h e  s u c c e s s i v e  r e c o r d e d  
p r e p a r a t i o n s  o f  t h e s e  com pounds th e  r o t a t i o n s  h a v e  i n c r e a s e d  
by  s i g n i f i c a n t  a m o u n ts .
compound r o t a t i o n
3 - p h e n y l m e n t h a n - 3 - o l - 1 6 . 3 2
- 2 2 . 8 7
- 2 5 . 3 9
( M u r a t ,  l o c . c i t . )
(R e ad  an d  W a t t e r s ,  l o c . c i t . ) 
( T h i s  work )
3 -p h e n y lm e n th e n e + 1 3 .1 5  
+ 4 3 . 48 
+ 5 9 .7 8
( M u r a t ,  l o c . c i t .  )
(R e a d  an d  W a t t e r s ,  l o c . c i t . ) 
( T h i s  work )
T h i s  m a y ,p e r h a p s ,b e  a c c o u n te d  f o r  by c h a n g e s  i n  G r i g n a r d  
t e c h n i q u e .  D r. C h ib b e r  (P h .D .  T h e s i s ,  U n i v e r s i t y  o f  London , 1959)
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h a s  d e s c r i b e d  t h e  p r o f o u n d  e f f e c t s  shown b y  i n c r e a s i n g  d i l u t i o n  
a n d  r a t e  o f  s t i r r i n g  i n  s u p p r e s s i n g  s i d e  r e a c t i o n s  s u c h  a s  
d i p h e n y l  f o r m a t i o n  , i n  h i s  G r ig n a r d  s t u d i e s .  A lso  i n  t h i s  
work a n  e x c e s s  o f  m agnesium  was em ployed  t o  f u r t h e r  t h e  
p r e v e n t i o n  o f  s e l f - c o u p l i n g  a n d  o n ly  t r a c e s  o f  d i p h e n y l  were 
i s o l a t e d .
Le B r a z i d e c  ( B u l l . S o c . ch im . , ( 4 ) , 1 7  106 ) t r e a t e d
■f
1 - p h e n y l - 4-m et h y l c y c lo h e x an o  1  w i th  a n h y d r o u s  o x a l i c  a c i d  and  
o x i d i s e d  th e  r e s u l t a n t  o l e f i n  w i th  p e rm a n g a n a te .  The p r o d u c t  
y S - m e t h y l - “S - b e n z o y l v a l e r i c  a c i d  showed t h a t  t h i s  d e h y d r a t i o n  
r e s u l t e d  i n  a  s t y r y l  compound. The 3 -p h e n y lm e n th e n e  u l t r a - v i o l e t
r ,
s p e c t r u m ( i n  c y c lo h e x a n e  ) was fo u n d  t o  be o f  t h e  s t y r e n e  t y p e .  
S t r o n g  a b s o r p t i o n  ban d s  w ere  fo u n d  a t  A  m a x .2 10mp ( l o g  (  4*08) 
A m in, o c c u r r e d  a t  224mp ( l o g  6 3 .7 6 )  a n d  A max. 238m |l 
( l o g  (  3 , ^ ) ,  B ra u d e  ( Ann.  R e p o r t s  , 19 45 , 105 ) g i v e s  
A max. 21 Im p  ( l o g  €  4 .2 0 )  a n d  A m ax .2 4 4 m p  ( l o g  € 4*08) f o r  
s t y r e n e .
R. Norman J o n e s  ( Chem. R e v ie w s , 1943, ^  1 ) h a s  
d i s c u s s e d  th e  s p e c t r a  o f  t h e  1 . and  2 . p r o p y l i d i n e  b e n z e n e s
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a n d  t h e  i s o m e r i c  t e t r a h y d r o - n a p h t h a l e n e s  a n d  i t  i s  c o n s i d e r e d  
t h a t  t h e  s t r o n g  a b s o r p t i o n  b an d  a t  2 4 4mp i n  s t y r e n e  a n d  t h e  
b a n d  i n  t h i s  r e g i o n  o c c u r r i n g  i n  t h i s -  t h e  compounds o f  v i n y l  
b e n z e n e  s t r u c t u r e  i s  a  c o n j u g a t i o n  b an d  o f  t h e  p h e n y l  a n d  o l e f i n .  
I n  t h e  p r e s e n t  c a s e  t h e  b a n d  a t  238mp i s  c o n s i d e r e d  t o  be t h i s  
c o n j u g a t i o n  b a n d .  The i n t e n s i t y , h o w e v e r  , i s  som ewhat l o w e r  
t h a n  t h a t  r e p o r t e d  f o r  s t y r e n e  i t s e l f  a n d  a l s o  f o r  t h e  s i m i l a r  
b a n d  i n  1 - p h e n y l c y c l o h e x e ne w h ich  i s  r e p o r t e d  a s  A m a x .2 47mp 
( l o g  (  4 .0 8 )  i n  c y c l o h e x a n e .  (C ope, F a w c e t t  and  Munn ,
J . Amer. Chem. S o c . . 1950, 72 3399 ) .  H i r s c h b e r g  ( J . Amer. Chem. S o c . 
1949 , 7j_ 3241 ) h a s  d e s c r i b e d  t h e  e f f e c t  o f  s u b s t i t u e n t s  on 
t h e  s t y r e n e  s p e c t r a  an d  h e  r e c o r d s  ( i n  e t h a n o l ) .
Amax. l o g é
s t y r e n e 244 4 .2 3
/S - m e t h y l s t y r e n e 246 4 .2 5
oC - m e t h y l s t y r e n e 2 4 3 .5 3 .9 6
- d i m e t h y l s t y r e n e 244 3 .9 4
The l a t t e r  compound was o x i d i s e d  by K l a g e s  (B e r .  , 1 9 0 2 ,  2641 ) 
t o  a c e to p h e n o n e .  The s u b s t i t u e n t  m e th y l  g r o u p s  t h e n  t e n d  to  
r e d u c e  th e  a b i l i t y  o f  t h e  d o u b le - b o n d  t o  c o n ju g a te  wi.th t h e  
a r o m a t i c  r i n g  a s  shown by t h e  r e d u c t i o n  i n  e x t i n c t i o n  
c o e f f i c i e n t .
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C a r l i n  a n d  l a n d e  r i  ( J .  Amer. Chem. S oc . > 1 9 5 3 , 75 397 3 ) h a v e  shown 
t h a t  t h e  e f f e c t  o f  s u c c e s s i v e  i n t r o d u c t i o n  o f  m e th y l  g ro u p s  
i n t o  t h e  o r t h o - p o s i t i o n s  o f  t h e  c y c lo h e x y l  r i n g  i n  1 - p h e n y l -  
c y c l o h e x e n e s  i s  t o  lo w e r  t h e  e x t i n c t i o n  a n d  a l s o  move t h e  
p o s i t i o n  o f  t h e  c o n j u g a t i o n  b an d  t o  s l i g h t l y  lo w e r  w a v e le n g th .
W h i l s t  t h e  u l t r a - v i o l e t  d a t a  i n  t h e  p r e s e n t  work 
o n l y  i n d i c a t e  a  s u b s t a n t i a l  am ount o f  c o n j u g a t e d  o l e f i n  , 
t h e  s h o r t e r  w a v e le n g th  o b s e r v e d  f o r  t h e  c o n j u g a t i o n  ban d  i s  
a  d e f i n i t e  d i a g n o s t i c  o f  r e s t r i c t i o n  t o  c o m p le te  c c T ju g a t io n .
I t  seem s th e n  t h a t  i n  t h e  p o s t u l a t e d  3 - p h e n y l - 3 : 4 - m e n t h e n e  
t h e  q u i t e  l a r g e  i s o - p r o p y l  g ro u p  i s  e x e r t i n g  a  s t e r i c  e f f e c t  
t h e r e b y  r e d u c i n g  t h e  c o n j u g a t i o n  , an d  t h e  u l t r a - v i o l e t  r e s u l t  
t h e r e f o r e  i s  c o n s i d e r e d  t o  be i n  a c c o r d  w i t h  t h i s  s t r u c t u r e .
14
The H y d r o g e n a t i o n  o f  3 -p h e n y lm e n th e n e .
H y d r o g e n a t io n  o f  t h e  m a in  f r a c t i o n  o f  t h e  o x a l i c  
a c i d  d e h y d r a t i o n  p r o d u c t  was s l o w , b u t  u p t a k e  o f  h y d r o g e n  
c l o s e l y  a p p r o a c h i n g  one m o l e c u l a r  p r o p o r t i o n  was o b s e r v e d  
a f t e r  s e v e r a l  d a y s  s h a k in g  w i t h  p a l l a d i u m - c h a r c o a l  i n  e t h a n o l .  
The p o s s i b i l i t y  o f  a r o m a t i c  r e d u c t i o n  t a k i n g  p l a c e  on  p r o t r a c t e d  
h y d r o g e n a t i o n  w as rem oved b y  a n  i n f i n i t y  r u n  when u p t a k e  was 
o b s e r v e d  d u r i n g  f i v e  d a y s  c o n t i n u o u s  s h a k i n g .  The v e r y  s lo w  
a b s o r p t i o n  t h e n  c e a s e d  a n d  two f u r t h e r  d a y s  v i g o r o u s  a g i t a t i o n  
c a u s e d  no d e t e c t a b l e  u p t a k e .  The am ount o f  h y d r o g e n  a b s o r b e d  
c o r r e s p o n d e d  v e r y  c l o s e l y  t o  t h e  one m o le c u le  r e q u i r e d  a n d  
t h e r e  was no e v id e n c e  t h a t  s a t u r a t i o n  o f  t h e  b e n z e n e  r i n g  
r e q u i r i n g  a  f u r t h e r  t h r e e  m o l e c u l e s  o f  h y d ro g e n  , was o c c u i j in g  
u n d e r  t h e  m i ld  c o n d i t i o n s  u s e d .  Somewhat lo w  h y d r o g e n  a n a l y t i c a l  
d a t a  (H, 1 0 . 9 , 1 0 . 8 ) were o b t a i n e d  by m i c r o - a n a l y s i s  
r e q u i r e s  H , 1 1 .2  p e r  c e n t ) .  T h e se  v a l u e s  s u g g e s t  some s i x t y -  
t h r e e  p e r  c e n t  r e d u c t i o n  b u t  a  l a t e r  r e p e a t  a n a l y s i s  gave  a  
s a t i s f a c t o r y  f i g u r e .  The i n i t i a l  lo w  v a l u e  may i n d i c a t e  t h a t  
t r a c e s  o f  d i p h e n y l  were p r e s e n t  i n  t h e  p r o d u c t  ( d i p h e n y l  
r e q u i r e s  H ,6 .5 4  p e r  c e n t  ) .
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S m a l l  f o r e - r u n  f r a c t i o n s  f ro m  t h e  o x a l i c  a c i d  d e h y d r a t i o n  were 
o b t a i n e d  h a v i n g  lo w e r  r o t a t i o n .  R e d u c t io n  o f  t h e s e  f r a c t i o n s  
was fo u n d  to  be i n c o m p le t e  . Combined f o r e - r u n r  o f  r o t a t i o n  
^  5461  was f o u n d  t o  a b s o r b  s e v e n t y - s i x  p e r  c e n t  o f  th e
m o l e c u l a r  p r o p o r t i o n  o f  h y d r o g e n ,  g i v i n g  a  p r o d u c t  ^  +38.5*^
T h i s  h y d r o g e n a t i o n  p r o d u c t  was s u b j e c t e d  t o  a lu m in a  a d s o r p t i o n  
c h ro m a to g ra p h y  i n  a n  e f f o r t  t o  s e p a r a t e  t h e  s u s p e c t e d  r e s i d u a l  
u n s a t u r a t e d  m a t e r i a l .  The f i r s t  e l u t e d  m a t e r i a l  , h o w e v e r  , 
c o r r e s p o n d e d  c l o s e l y  i n  p r o p e r t i e s  +6 0 . 8 3  , %  ^ ^ 1 .5 1 8 0
t o  t h e  h y d r o g e n a t i o n  p r o d u c t  o f  th e  m ain  o l e f i n  f r a c t i o n  o f  
h i g h e r  r o t a t i o n .  F u r t h e r  e l u t i o n  gave m a t e r i a l  i d e n t i f i e d  a s  
c a r b i n o l .
The l o w e r  r o t a t i o n  a n d  h y d ro g e n  a b s o r p t i o n  o f  t h e  
f o r e - r u n s  i s  t h u s  c a u s e d  by t h e p r e s e n c e  o f  u n c h an g e d  c a r b i n o l .
A s im p le  c a l c u l a t i o n  on a  w e i g h t - r o t a t i o n  b a s i s  i n d i c a t e d  t h e  
p r e s e n c e  o f  tw e n ty - tw o  p e r  c e n t  o f  t h e  l a e v o  r o t a t i n g  a l c o h o l .
T h i s  com p ares  v /e l l  w i th  t h e  o b s e r v e d  h y d r o g e n  u p t a k e  o f  s e v e n t y -  
s i x  p e r  c e n t  a n d  i s  c o n f i r m e d  by th e  s e p a r a t i o n  c h r o m a t o g r a p h ! c a l l }  
o f  e i g h t e e n  p e r  c e n t  o f  t h e  c a r b i n o l .  The h y d ro g e n  a b s o r p t i o n  
g i v e s  t h e r e f o r e  a  d i a g n o s t i c  o f  o l e f i n  p u r i t y .  I t  t h u s  a p p e a r s  
t h a t  t h e  m ain  d e h y d r a t i o n  f r a c t i o n  i s  s u b s t a n t i a l l y  p u r e  o l e f i n .
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The h y d r o g e n a t i o n  b e h a v i o u r  o f f e r s  some s u p p o r t  t o  t h e  
p r o p o s i t i o n  t h a t  t h e  d e h y d r a t i o n  o f  t h e  3 - p h e n y l m e n t h a n - 3 - o l  
w ou ld  r e s u l t  i n  t h e  p r e f / e r e n t i a l  f o r m a t i o n  o f  t h e  3 : 4  o l e f i n .  
S t y r e n e  i t s e l f  i s  r e a d i l y  r e d u c e d  u n d e r  m i l d  c o n d i t i o n s  t o  
e th y l b e n z e n e  (Z a r tm a n n  and A d k in s ,  J .  Amer . Chem. S o c . , 1 9 3 2 ,  54 16 68) 
a n d  w i t h  p a l l a d i u m - c h a r c o a l  i n  e t h a n o l  , 1- p h e n y l c y c l o h exene  
i s  e a s i l y  r e d u c e d  t o  p h e n y l c y c l o h exane  (W e in s to c k  a n d  B o r d w e l l ,
J .  Amer. Chem. S o c . , 1955, 7% 6706 ) .  The r e d u c t i o n  o f  t e r t i a r y  
o l e f i n s  i s  g e n e r a l l y  d i f f i c u l t .  The r i g i d l y  h e l d  t e t r a - o l e f i n  
i n  do de c a h y d ro p h e  n a n th r e n e  r e q u i r e s  v e r y  d r a s t i c  c o n d i t i o n s ,
R aney  n i c k e l  a t  2 4 0 ^ /2 0 0  a tm o s p h e r e s  (D u r l a n d  an d  A d k in s  ,
J . Arner. Chem. S o c . , 1938 , 60 1 501) v h e z ^ s  O t t  r e p o r t s  ( B e r . , 1928,
2124  ) r e d u c t i o n  o f  c i  s dime t h y l  s t i l  be ne i n  39 m i n u t e s  u n d e r  
m i l d  c o n d i t i o n s .  I n t e r m e d i a t e  i s  t h e  t r a n s d i m e  t h y l s t i l b e n e  
w h ic h  r e q u i r e d  24 h o u r s  f o r  i t s  h y d r o g e n a t i o n  ( O t t  l o c . c i t .  ) 
an d  1- m e t h y l - 2 -1  ’ - m e t h y l c y c l o h e x y l c y c l o h e x e n e  w h ich  was c o m p l e t e l y  
r e d u c e d  i n  15 h o u r s  w i th  p a l l a d i  u m - c h a r c o a l  i n  e t h a n o l  a t  
a tm o s p h e r i c  p r e s s u r e .  (B a tem an  an d  S h i p l e y ,  J . ,1 9 5 8 ,  2888 ) .
I n  c o m p a r is o n  w i t h  t h e  h y d r o g e n a t i o n  o f  t h e  u n s u b s t i t u t e d  
1- p h e n y l c y c lo h e x e n e .o n e  i n f e r s  t h a t  t h e  s lo w  h y d r o g e n a t i o n
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o b s e r v e d  i n  t h e  p r e s e n t  w ork i s  a n  i n d i c a t i o n  t h a t  t n e  
d e h y d r a t i o n  r e s u l t s  i n  p r e d o m in a n t  f o r m a t i o n  o f  t h e  3 ;4 $ a n d  
t h e r e f o r e  t e t r a s u b s t i t u t e d  o l e f i n ^ i n  a c c o r d a n c e  w i t h  c l a s s i c a l  
a n d  a n a l o g i c a l  c o n c e p t i o n .
The h y d r o g e n a t i o n  p r o d u c t  u l t r a - v i o l e t  s p e c t r u m  
show s n e g l i g a b l e  a b so iT p t io n  i n  t h e  r e g i o n  o f  240mjJ • T h i s  
c o n f i r m s  t h e  a s s i g n m e n t  o f  t h e  s t r o n g  b a n d  i n  t h i s  r e g i o n  
i n  t h e  o l e f i n  s p e c t r u m ,  a s  a  c o n j u g a t i o n  b an d  i n v o l v i n g  t h e  
d o u b le - b o n d .  The d e s c r i p t i o n  o f  t h e  m a t e r i a l  a s  a  s u b s t a n t i a l l y  
r e d u c e d  p r o d u c t  was t h u s  b o r n  o u t  by s p e c t r a l  a n a l y s i s  a n d  
t h e  p h y s i c a l  p r o p e r t i e s  a r e  s i m i l a r  ( a p a r t  f ro m  r o t a t i o n  ) 
t o  t h o s e  r e c o r d e d  by  I s h i k a w a  and  Mae d a  ( S c ie n c e  R e p o r t s  Tokyo 
B u r i k a  D a ig a k u , 1937, ^  157 ; Chem. A b s . , 31 7860^  ) f ro m  
s y n t h e s i s  b a s e d  on a l k y l a t i o n  o f  b e n ze n e  w i th  1 - m e n t h o l .
: P r o p e r t i e s  o f  3 - p h e n y lm e n th a n e
d e n s i t y r e f r a c t i v e  i n d e x ro ib a t io n
0 . 9 3 4  / 2 S" 1 .5 1 8 3  /  20°
K
^ ^ - 3 . 8 9 8 ° ( I s h ik a v /a  a n d  MAeda 
l o c . c i t . )
0 . 9 3 3 5 / 2 1 . 5 °
k------- z--------------------
1 . 5 1 7 5 / 2 1 . 5 ° & ^J5 4 6 l+ G l-0 4 ( T h i s  w ork)
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D u r in g  t h e  c o u r s e  o f  t h i s  w ork  two -eom p le m o n try - p a p e r s  a p p e a r e d
ci n d i c a t i n g  t h e  p o s s i b i l i t y  o f  r e a r r a n g e m e n t  o c u r r i n g  i n  s im p le  
d e h y d r a t i o n  o f  c y c l o h e x a n o l s .  S c h a e f f e r  a n d  C o l l i n s  ( J o Amer. C h ^ .  
S o c . . 1956, 78  124) a n d  i n d e p e n d e n t l y  E l i e l ,  McCoy a n d  P r i c e  
( J . O rg . Chem. , 19 57 , 22 1533) o b s e r v e d  t h a t  s u b s t a n t i a l  
r e a r r a n g e m e n t  o c c u r r e d  on a c i d  d e h y d r a t i o n  o f  2- p h e n y l c y d o -  
h e x a n o l  v h e re  t h e  h y d r o x y l  a n d  t e r t i a r y  h y d r o g e n  h a d  a  c i s  
r e l a t i v e  c o n f i g u r a t i o n .  Some s i x t y  p e r  c e n t  o f  t h e i r  r e d u c t i o n  
p r o d u c t  was f o u n d  t o  be b e n z y l c y c lo p e n t a n e  w h e ra s  t h e  l a t t e r  
w o r k e r s  fo u n d  t h a t  n i n e t y - s e v e n  p e r  c e n t  o f  t h e  r e d u c t i o n  
p r o d u c t  f ro m  t h e  o l e f i n  d e r i v e d  fro m  t h e  t r a n s  i s o m e r  was 
p h e n y l c y c l o h e x a n e .  7/ h i l s t  t h e r e  i s  a  d i s t i n c t  s t r u c t u r a l  
d i s s i m i l a r i t y  i n  t h e  a l c o h o l  d e h y d r a t e d  i n  t h e  p r e s e n t  w o r k , i t  
was f e l t  n e c e s s a r y  t o  c o n f i r m  t h e  h y d r o c a r b o n  s t r u c t u r e .  The 
r e d u c t i o n  p r o d u c t  was t h e r e f o r e  s u b j e c t e d  t o  i n f r a - r e d  a n a l y s i s .  
P r o m in e n t  a b s o r p t i o n  b a n d s  w ere  fo u n d  a t  3 ,3 8 ,  3 .4 1 ,  3 .4 7  , 3 , 5 0 ,  
6 . 8 6 , 1 2 .9 8 ,  1 3 .2 8 ,  1 4 .2 4  m ic r o n s .
J o n e s  a n d  S a n d o r f y  ( " C h e m ic a l  a p p l i c a t i o n s  o f  S p e c t r o s ­
c o p y " , T e c h n iq u e  o f  O rg a n ic  C h e m is t r y ,  v o l 9 , I n t e r s c i e n c e  p u b l i s h e r s  
I n c . , New Y ork , 19 56 , 337 ) g i v e  t h e  f o l l o w i n g  c o r r e l a t i o n  s .
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C a r b o n -h y d ro g e n  s t r e t c h i n g  c o r r e l a t i o n . W a v e le n g th .
A sy m m e tr ic ,  i n  m e th y l  g ro u p  
A s y m m e tr ic ,  i n  m e th y le n e  g ro u p  
S y m m e tr ic ,  i n  m e th y l  g ro u p  
S y m m e tr ic ,  i n  m e th y le n e  g ro u p




The u s e  o f  t h i s  r e g i o n  a s  a  r i n g  s i z e  d i a g n o s t i c  h a s  b e e n  
d i s c u s s e d  by P l y l e r  and  A c q u i s  t a  ( J .  Re s . N a t ,  B u r ,  S t a n d , , 1949,
£ 3  3 7 ) and  by  H a s t i n g s ,  W a tso n , W i l l i a m s  a n d  A n d e rso n  (A n a l y t . 
Chem. , 1952 , ^  6 1 3 ) ,  T hese  w o r k e r s  f i n d  t h e  m e th y le n e  s t r e t c h  
s e n s i t i v e  t o  r i n g  s i z e .  The f i r s t  g ro u p  g i v e  3 ,4 2  a n d  3 . 5 1 m ic ro n s  
f o r  t h e  s i x  m e m b ere d ,co m p a red  w i th  3 ,3 9  a n d  3 . 4 9 m ic r o n s  f o r  t h e  
f i v e  membered. The l a t t e r  w o r k e r s  f i n d  3 ,4 2 5  a n d  3 . 5 0 m ic ro n s  
f o r  t h e  s i x  m em bered , i n  c o n t r a s t  t o  3 ,3 8 5  a n d  3 . 4 8 m ic r o n s  f o r  
t h e  p e n ta n e  t y p e .  The a b s o r p t i o n  fo u n d  i n  t h e  p r e s e n t  work i s  
t h u s ,  i n  t h e  m e th y le n e  s t r e t c h  r e g i o n ,  c h a r a c t e r i s t i c  o f  t h e  
s i x  membered r i n g .
The b a n d  a t  6 .8 6 m ic r o n s  i s  p r o b a b l y  a n  i n t e g r a t i o n  
o f  s e v e r a l  e f f e c t s  an d  i s  n o t  u s e f u l  a s  a  d i a g n o s t i c ,  b u t  t h e  
s t r o n g  s h a r p  b a n d s  i n  t h e  13 t o  14 m ic r o n s  r e g i o n  c o r r e l a t e  w e l l .
20
M cM urray an d  T h o r n to n  (A n a l y t , Chem. ,1 9 5 2 ,  24 318) d e f i n e  
"A c o r r e l a t i o n  b an d  a s  a n y  b a n d  w h ich  e m p i r i c a l  o b s e r v a t i o n  
h a s  d e m o n s t r a t e d  t o  be a s s o c i a t e d  w i th  a  s p e c i f i c  a to m  g r o u p i n g .  
I t s  p r e s e n c e  i n  t h e  s p e c t r u m  o f  a  m a t e r i a l  i n d i c a t e s  t h a t  th e  
s t r u c t u r e  may be p r e s e n t  ; i t s  a b s e n c e  i s  c e r t a i n  e v i d e n c e  t h a t  
t h e  s t r u c t u r e  i s  m i s s i n g . "  F o r  m o n o a lk y l  b e n z e n e s  t h e s e  w o r k e r s  
f i n d  s t r o n g  s h a r p  a b s o r p t i o n  a t  1 4 .2 7  t o  1 4 .4 0  m i c r o n s .  I n  
a d d i t i o n  b e n z y l  t y p e  a r o m a t i c s  a l s o  a b s o r b  a t  1 3 .3 9  t o  1 3 .5 7 ,  
b u t  i n  i s o p r o p y l  ty p e  t h i s  s e c o n d  ban d  s h i f t s  t o  a b o u t  1 3 ,1 0  
t o  1 3 .1 9  m i c r o n s .  P o t t s  (A n a ly t .C h e m . ,1 9 5 5 ,  27 1027) s t a t e s  
" I n  e v e r y  c a s e  o f  a  compound n o t  h a v i n g  t h e  a l p h a  a to m  
s u b s t i t u t e d  t h e r e  i s  a  s t r o n g  band  a t  a b o u t  1 3 .4  m i c r o n s  , 
n e v e r  b e lo w  1 3 .3  ; on  t h e  o t h e r  h a n d  , t h e  g r e a t  m a j o r i t y  o f  
t h e  compounds h a v i n g  an  a l p h a  h y d ro g e n  s u b s t i t u t e d  t h e  s t r o n g  
b a n d  i s  a t  a b o u t  1 3 .2  n e v e r  ab ove  1 3 .3  m i c r o n s . "  I n  t h e  p r e s e n t  
w ork t h e  s t r o n g  band  a t  1 3 .2 8  shows t h e  i s o p r o p y l  t y p e  o f  
s t r u c t u r e  . E x a m in a t io n  o f  c y c l o h e x y l  b e n z e n e  s p e c t r a  
(A m e r ic a n  P e t r o l e u m  I n s t i t u t e  r e s e a r c h  p r o j e c t  , 1 9 5 6 , 44 1844) 
show ed b a n d s  i n  t h i s  r e g i o n  a t  1 2 .9 2 ,  1 3 ,2 9  an d  1 4 .3 5  m i c r o n s ,
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whereas b e n z y l c y c l o p e n ta n e  ( O b ta in e d  by c o u r t e s y  o f  P r o f e s s o r  
E l i e l  , U n i v e r s i t y  o f  N o t re  Dame ) a b s o r b s  s t r o n ^ y  a t  1 3 .5 9  
and  1 4 .4  m ic r o n s ,  a n d  i n  t h e  c a r b o n - h y d r o  gen  s t r e t c h i n g  r e g i o n  
m e th y le n e  a b s o r p t i o n  o c c u r s  a t  3 .3 9  and  3 .4 8  e x p e c t e d  o f  th e  
f i v e  membered r i n g  p r e s e n t ,  j
The p a t t e r n  o f  a b s o r p t i o n  i n  t h e  h i g h e r  m ic r o n  r e g i o n  
shown by th e  r e d u c t i o n  p r o d u c t  c o n f i r m s  t h e  a b s e n c e  o f  any  
s t y r e n e  ty p e  o l e f i n  f o r  w h ic h  Thompson an d  P a r k i n g t o n  ( P r o c .
R o y .S o q . ,1 9 4 5 ,  A184 3 ) r e c o r d  s t r o n g  b a n d s  a t  13 .1  a n d  1 4 .4  
m ic r o n s  and  a l s o  rem oves t h e  p o s s i b i l i t y  o f  t h e  
1 :2  s h i f t , a s  I p a t i e f f ,  M e i s i n g e r  and  P i n e s  f o r  1- m e t h y l -  
1- p h e n y l c y c lo h e x a n e  f i n d  s t r o n g  bands a t  13 ,1  an d  1 4 .1  o n ly .
( J . Amer, Chem. S o c . , 1950 , 72 2 7 7 2 ) .  The a b s e n c e  o f  a b s o r p t i o n  
b a n d s  a t  13.1 a n d  be tw een  1 3 .4  and  1 3 .6  m ic ro n s  i n  t h e  spectrum , 
o f  t h e  h y d r o g e n a t i o n  p r o d u c t  g i v e s  " c e r t a i n  e v id e n c e "  t h a t  t h e
n
s t r u c t u r e s  o f  q u a / t e / i a r y  c a r b o n  a r o m a t i c  a n d  b e n z y l  a r o m a t i c  
a r e  a b s e n t , a n d  t h i s  s t r o n g  i n d i c a t i o n  o f  a b se n c e  o f  r e a r r a n g e m e n t  
i s  c o n f i rm e d  by c o r r e l a t i o n s  a ro u n d  3 .5  m ic r o n s .
T h i s  i s  t a k e n  a s  a  c o n f i r m a t i o n  o f  C a r l i n ' s  work 
on  d e h y d r a t i o n  o f  o r t h o - s u b s t i t u t e d  1- p h e n y l c y c lo h e x a n o l s  ( l o c . c i t )
22
a n d  no  r e p o r t  h a s  a p p e a r e d  o f  r e a r r a n g e m e n t  o c c a r i n g  on  
d e h y d r a t i o n  o f  a n  a l c o h o l  i n  w h ich  t h e  h y d r o x y l  g ro u p  a n d  
a p h e n y l  g ro u p  a r e  on t h e  same c a rb o n  a to m .
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B a r i  am 4 - (  3 - m e n t h y l ) - b e n z e n e s a l p h o n a t e s .
The r o u t e  i n v o l v i n g  t h e  s lo w  h y d r o g e n a t i o n  w as 
p e r s i s t e d  w i t h , a s  s u l p h o n a t i o n  o f  t h e  r e d u c t i o n  p r o d u c t  
r e a d i l y  g av e  c r y s t a l l i n e  s t a b l e  s a l t s .  The 3 - p h e n y l m e n t h a n e  
w as  s t i r r e d  w i t h  w a r m , c o n c e n t r a t e d  s u l p h u r i c  a c i d  t i l l  a  t e s t  
p o r t i o n  o f  t h e  r e a c t i o n  g a v e  a  c l e a r  s o l u t i o n  on  d i l u t i o n  
w i t h  water®  A t t e m p t e d  i s o l a t i o n  o f  t h e  s o d iu m  s u l p h o n a t e  i n  
t h e  u s u a l  m a n n e r  o n l y  g a v e  t a r r y  m a t e r i a l .  T h i s  w as t a k e n  up 
i n  w a t e r  a n d  a d d i t i o n  o f  b a r i u m  i o n s  g a v e  t h e  b a r i u m  s u l p h o n a t e  
a s  a  s t i c k y  s o l i d .  P e r s i s t e n t  r e c r y a t a l i i s a t i o n  f r o m  m e t h a n o l  
g a v e  s m a l l  c h a n g e s  o f  r o t a t i o n  a n d  e v e n t u a l l y  t e d i o u s  f r a c t i o n ­
a t i o n  g a v e  a  c r o p  1 6 ^  u n c h a n g e d  by  f u r t h e r
p u r i f i c a t i o n .  O t h e r  s a l t s  w e re  t h e n  p r e p a r e d  w i t h  i n t e n t  
t o  o b t a i n  a  c l e a n e r  s e p a r a t i o n  o f  i s o m e r s .  The £ - t o l u i d i n e  
s a l t  c r y s t a l l i s e d  w e l l  b u t  w as v e r y  h y g r o s c o p i c  a n d  w as n o t  
p u r s u e d  w i t h .
The s t r y c h n i n e  s a l t  was n e x t  i n v e s t i g a t e d .  T h i s  
s a l t  c r y s t a l l i s e d  n i c e l y , a n d  p o s s e s s e d  t h e  a d v a n t a g e  i h  t h a t  
t h e  f r a c t i o n a t i o n  c o u l d  be f o l l o w e d  by  m e l t i n g  p o i n t  a s  w e l l
2 4
a s  o p t i c a l  c r i  t e  r i  a  ^  com pare  d w i t h  t h e  b a r i u m  s a l t s  w h ic h  w ere  
i n f u s i b l e  up t o  2 0 0 ^ . S e v e r a l  c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  
g a v e  a  p u r e  s a l t  , w h ic h  i n  i t s e l f  p r o v i d e s  a  c r i t e r i t m o f  
s t e r e o c h e m i c a l  p u r i t y  o f  t h e  s u l p h o n i c  a c i d .  T h i s  s a l t  was 
v e r y  i n s o l u b l e  a n d  was m o s t  c o n v e n i e n t l y  d e co m p o se d  by  warm 
s o d iu m  m e th o x id e  a n d  c r y s t a l l i s i n g  o u t  t h e  s t r y c h n i n e  b a se*
The r e s u l t a n t  b a r i u m  s a l t  w as  i d e n t i c a l  i n  s o l u b i l i t y  
c h a r a c t e r i s t i c s  a n d  r o t a t i o n  w i t h  t h e  b a r i u m  s a l t  o b t a i n e d  
b y  p e r s i s t e n t  f r a c t i o n a t i o n  o f  t h e  c r u d e  b a r iu m  s a l t  ( i . e .  t h e  
t o t a l  s u l p h o n a t i o n  p r o d u c t ) . F u r t h e r  f r a c t i o n a t i o n  g a v e  a  
s e c o n d  s t r y c h n i n e  s a l t  w h ic h  a f f o r d e d  a  b a r iu m  s u l p h o n a t e  o f  
m a r k e d l y  l o w e r  r o t a t i o n .  The a l k a l o i d  s a l t  f r a c t i o n a t i o n  
p r o v i d e d  t h e  r e a d i e r  s e p a r a t i o n  o f  t h e  o p t i c a l l y  p u r e
4 - (  3 - m e n t h y l ) - b e n z e n e s u l p h o n a t e s .
4 - (  3 - m e n t h y l )  - b e n z e n e s u l p h o n a m i d e s .
T r e a t m e n t  o f  t h e  a c t i v e  b a r i u m  s a l t s  w i t h  p h o s p h o r u s  
p e n t a c h l o r i d e  g a v e  t h e  s u l p h o n y l  c h l o r i d e s  , w h ic h  r e s i s t e d  
a c i d  h y d r o l y s i s  b u t  a r e  r e c o n v e r t e d  t o  t h e  b a r iu m  s a l t s  by 
a l k a l i n e  a l c o h o l i c  t r e a t m e n t .  C o n c e n t r a t e d  am m onia o n t h e
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s t e a m - b a t h  gave  t h e  a c t i v e  s o lp h o n a m id e s  i n  n e a r l y  q u a n t i t a t i v e  
y i e l d .  The s u lp h o n a m id e s  v/ere u n c h a n g e d  by  f u r t h e r  c r y s t a l l i s -  
a t i o n s ^ a n d  on  o x i d a t i o n  . a n d  s u b s e q u e n t  e s t é r i f i c a t i o n  o f  t h e  
p r o d u c t  , gave  o n l y  e t h y l - £ - s u l p h o n a n 3 i d o b e n z o a t e ^ i d e n t i c a l  w i t h  
a n  a u t h e n t i c  s p e c im e n  (H em sen , A n n a le n , 1875 , 178 2 0 0 ) .
The s t e r e o c h e m i c a l l y p u r e  s u lp h o n a m id e  o f  r e q u i r e d  
o r i e n t a t i o n  was t h e r e f o r e  a v a i l a b l e  f o r  a t t e m p t e d  c o n v e r s i o n  
t o  t h e  r e q u i r e d  c h lo r a m i n e - T  a n a l o g u e .
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S o d iu n i - 4 - (  2- m e n t h y l ) - b e n z e n e  s a l p h o n c h l o  r a m i  d e .
The c h lo r a m i n e - T  a n a l o g u e  w as p r e p a r e d  by  b o t h  
C h a t t a w a y * s  p r o c e d u r e  ( l o c . c i t . ) a n d  by t h e  l a t e r  d i r e c t  
m e th o d  (H anby a n d  Rydon, J . , 1 9 4 6 ,  8 6 6 ) .  E x tre m e  d i f f i c u l t y  
was e n c o u n t e r e d  i n  o b t a i n i n g  t h e  d i c h l o r o s u l p h o n a m i d e  p u r e .  
E v e n t u a l l y  by  s e v e r a l  h y p o c h l o r i t e  t r e a t m e n t s  s a t i s f a c t o r y  
h a l o g e n  v a l u e s  w ere  o b t a i n e d .  The d i c h l o r o  s u lp h o n a m id e  s y n t h e s i s  
h a s  b e e n  e x t e n s i v e l y  d i s c u s s e d .  (G .P .  5 2 0 .8 9 4 .  >Cheffl. A b s . > 192)2, 26 
153®; U . S . P . 2 . 2 4 9 . 4 8 9 . . Chem. A b s . .4 4  7 8 7 5 ^ ;  B h a r g a v a ,  D h in g r a  a n d  
G u p ta ,  I n d i a n  J . P h a rm . , 1 9 5 3 . 15 2 2 9 . ,  Ciiem. A b s . . 48 7 5 8 6 ^ ;  Z i l b e r g ,  
J . G e n . C h e m . , U . S . S . E . ,  1 946 , 16 2 1 4 5 . . Chem. A b s . .4 2  1 4 4 ^ :  A k i y o s h i
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a n d  O k j y o . J . A m er. Chem. S o c . , 1 954 . 76 69 2  ; C h r z a s z e z e w s x a ,  B u l l ; 
s o c . s c i . e t  l e t t r e s  Lodz C l a s s e  I I I , 2 N o . 1 6 .> Chem. A b s . ,4 9  2 1 2 ^ . )  
The c r y s t a l l i s e d  d i c h l o r o  s u lp h o n a m id e  when g e n t l y  warm ed w i th  
a q u e o u s  a l k a l i ,  g a v e  t h e  s o d i u m - 4- (  2- m e n t h y l ) - b e n z e n e s u l p h o n c h l o r -  
a m i d e , w h i c h , i n  c h a r a c t e r i s t i c  m a n n e r ,d e c o m p o s e d  v i o l e n t l y  on 
d i r e c t  h e a t i n g  , a n d  gave c a l c u l a t e d  v a l u e s  on  t i t r a t i o n  f o r  
a c t i v e  h a l o g e n .  The p r e f j f e i ^ d  p r e p a r a t i v e  p r o c e d u r e  was t h e
27
d i r e c t  t r e a t m e n t  o f  t h e  s u lp h o n a m id e  , d i s s o l v e d  i n  d i l u t e  
a l k a l i  , w i t h  h y p o c h l o r i t e  s o l u t i o n  g i v i n g  i d e n t i c a l  m a t e r i a l ,
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Plow sairanary o f syn th etic  work
^  Pd/Q> 
e th a n o l
Me Me 
i-phenylmenthene
o x a l i c  
a c i d
Me Me Me Me
3-pheny lm enthanes 4 - (  3 -m en thy l ) -
benzene s u lp h o n a te  s
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Me Me SOgCl




/X SO glT H g Me 'SOgKHg
4 -(  3 -m en th y l)  -benzene  su lphonam ide
C a(O C l) . TTaOCl
Me ^Me'^ ^SOgHGl^ 
4 -(  3 -m e n th y l ) -b e n z e n e -  
d i  c h i  o ro  sulphonam i de
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SOoNCl^Ha*^Me Me 
4 - (  3 -m en th y l) -b e n ze n e-  
su lp h o n c h lo ra m id e
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P a r t  I ,  E x p e r i m e n t a l
R o t a t i o n s  w ere  o b s e r v e d  , a t  c o n c e n t r a t i o n s  s t a t e d  , i n  B ,P ,  
c h l o r o f o r m  i n  a  20  cm, t u b e  , on  a  p o l a r i m e t e r  f o r  w h ic h  t h e  
c a l i b r a t e d  e r r o r  w as + 0 , 0 2 ^ ,
The p r e p a r a t i o n  o f  1 -m e n th o n e  
B eck m an n , ( A n n a l e n , 1 889 , 250# 225 )
l - M e n t h o l  ( 9 0 g .  ) w as a d d e d  i n  f o u r  p o r t i o n s  t o  a  
s t i r r e d  s o l u t i o n  o f  p o t a s s i u m  d i c h r o m â te ( 1 l 7 g«) a n d  s u l p h u r i c  
a c i d  ( 5 4 c ,  Co, lOOg* ) i n  w a t e r  (GOOc.c# ) ,  The m i x t u r e  w as 
w arm ed  t o  i n i t i a t e  t h e  r e a c t i o n  • The i n t e r n a l  t e m p e r a t u r e  
r o s e  t o  a b o u t  7 0 °  a n d  t h e n  f e l l  a f t e r  a n  h o u r  v h e n  r e a c t i o n  
w as c o m p le t e  ,
The m i x t u r e  w as e x t r a c t e d  w i t h  e t h e r  , t h e  e t h e r  
w a s h e d  t h r e e  t i m e s  w i t h  d i l u t e  so d iu m  h y d r o x i d e  , d r i e d  (N a^SO ^) 
t h e  e t h e r  e v a p o r a t e d  , a n d  t h e  r e s i d u e  d i s t i l l e d .
The 1 -m e n th o n e  ( 6 8 g , ,7 6 ^ )  h a d  b . p ,  9 2 - 9 4 ° / l 8 mm, , ^ ^ ^ 1 . 4 5 2 0  ,
M  5 4 6 1 ^ M - 2 8 . 2 3 °  (h o m o g e n e o u s )
B eckm ann , ( l o c . c i t . ) .  g iv e s [o C ]^  - 2 8 . 1 8 °  ; Vavon a n d  C o n d u c e ,
( B u l l . S o c . c h im . B e l g . . 36 . 5 9 )  - 3 4 . 6 0 ° .
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The p r e p a r a t i o n  o f  5 - p h e n .v lm e n th a n - 2 - o l ,
R ead  a n d  W a t t e r s ,  ( J , ,  1 9 2 9 , 2171)
The G r i g n a r d  r e a g e n t  was p r e p a r e d  by t h e  d ro p  w ise  
a d d i t i o n  o f  brom o b e n z e n e  ( 6 2 , 8  g . , Oo 40 m o le ,  s t e a m  d i s t i l l e d  
a n d  r e d i s t i l l e d )  t o  a  s t i r r e d  s u s p e n s i o n  o f  m ag n es iu m  (1 2  g , ,
0 . 5  m o l , ) i n  d r y  e t h e r  (2 5 0  c . c , ) .  The e t h e r  s o l u t i o n  o f  t h e  
p h e n y lm a g n e s iu m b ro m id e  was d e c a n t e d  f r o m  t h e  e x c e s s  m e t a l  
a n d  1 -m e n th o n e  ( 2 7 . 5  g # , 0 , 2 4 4  m o l,  ) a d d e d  d ro p  w is e  w i t h  
s t i r r i n g  . The r e a c t i o n  m i x t u r e  was p o u r e d  o n to  i c e  a n d  t h e n  
a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d  , The e t h e r  w as s e p a r a t e d   ^
d r i e d  (Na CO ) , e v a p o r a t e d  a n d  t h e  r e s i d u e  d i s t i l l e d .  A f t e r  
s t r i p p i n g  o f f  a  l o w e r  b o i l i n g  f r a c t i o n  , b , p ,  1 0 0 - 1 2 0 ° / 1 2  mm,,
(2 1  g ,  ) , a  f r a c t i o n  , b . p ,  1 l 4 - 1 2 0 ° / 5  mm, d i s t i l l e d  v h i c h  
s o l i d i f i e d  i n  t h e  w a t e r - c o o l e d  c o n d e n s e r .  T h i s  s o l i d  ( 0 , 9  6» ) 9 
c r y s t a l l i s e d  f r o m  e t h a n o l ^ h a d  m ,p ,  7 0 - 7 2 °  a n d  a d m ix e d  w i t h  d i p h e n y l  
The 2 -p h e n y lm e n t h a n - 2 - o l  ( 2 6 , 5  g , , 4 7 ^ )  d i s t i l l e d  a t  1 2 8 - l4 0 ° /5 m m , 
h a d  %  ^ ^ 1 .5 2 3 2  .[eC] - 3 0 . 1 5 ° ,  [06] ’ ® * ^ - 2 5 .3 9 °  (h o m o g e n e o u s )
R e a d  a n d  W a t t e r s  ( l o c . c i t . ) .  g i v e  '7 1 ^ ^ 1 .5 2 5 5 ,  M ^ ^ - 2 2 . 8 ? ° .
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The p rep a ra tio n  o f  5-ph.en y lm e n th ene 
Read and W atters, ( J , ,  1929,  2 l 7 l )
The c a r b i n o l  (21  g ,  ) a n d  a n h y d r o u s  o x a l i c  a c i d  (4 2  g . , 
Bowden, O rg , S y n t h , , 1941 , C o l l , V o l , I , , 42 )  w e r e h e a t e d  a t  a  b a t h  
t e m p e r a t u r e  o f  1 80°  f o r  t h r e e  h o u r s  , A f t e r  c o o l i n g  t h e  o i l  
w as  d e c a n t e d  o f f  a n d  t h e  r e s i d u a l  s o l i d  o x a l i c  a c i d  w a sh e d  
t h r e e  t i m e s  w i t h  e t h e r  by  d é c a n t a t i o n  • The c o m b in e d  e t h e r  
w a s h e s  a n d  t h e  o i l  was w a sh e d  t h r i c e  w i t h  w a t e r  , d r i e d  (N a^CO ^)^ 
e v a p o r a t e d  a n d  t h e  r e s i d u e  d i s t i l l e d  , A f t e r  s t r i p p i n g  o f f  a  
s m a l l  f o r e - r u n  t h e  2- p h e n y l m e n t h e n e  d i s t i l l e d  a t  1 5 0 - 1 5 6 ° / 2 2  mm. 
71 ■ '^1 .5310 , ( 1 7  g . ,  8 8^ )  , M ^ ’ g ^ + 7 3 .9 3 ° , [ o C j ^ ' '+ 5 9 .7 8 ° ,  
( h o m o g e n e o u s ) ,  d  0 . 9 2 5 6 ,
H ead  a n d  W a t t e r s  ( l o c , c i t ,  ) .  g i v e  b . p ,  1 4 9 - 1 5 1 ° / 1 8  mm, /% ^ ^ 1 ,5 2 7 5  
M ^ '^ + 4 3 . 3 8 ° ,  0 .9 3 6 5  .
The p r e p a r a t i o n  o f  2- p h e n y lm e n th a n e
The m e n th e n e  ( 1 0 , 6  g , ) a n d  p a l l a d i u m  c h a r c o a l  ( 4 g  o f
i n  e t h a n o l ( 120  c . c . )  Q
5^ ) ^ w as s h a k e n  w i t h  h y d r o g e n  a t  room  t e m p e r a t u r e  ( 2 2  ) a n d
a t m o s p h e r i c  p r e s s u r e  . A f t e r  f i v e  d a y s  c o n t i n u o u s  s h a k i n g
t h e  u p t a k e  o f  h y d r o g e n  c e a s e d  v\hen 1170 c , c ,  h a d  b e e n  a b s o r b e d
( T h e o r e t i c a l  u p t a k e  1210 c . c , ) .
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The c a t a l y s t  w as f i l t e r e d  , t h e  e t h a n o l  e v a p o r a t e d  a n d  t h e  
r e s i d u e  d i s t i l l e d .  The 2- p h e  ny lm e n t h a n e  h a d  b , p .  1 2 0 - 1 2 6 ° / 9  mm,,
0 . 9 % 5  , + 6 l .0 4 ° ( i i o m o g e n e o a s ) .
( P o u n d ;  0 , 8 9 . 3 ,  8 9 , 2 ,  8 8 . 8 ; H, 1 0 . 9 ,  1 0 . 8 , 1 1 .3 .  C a l c ,  f o r  
^1 5 ^2 4 *  H ,1 1 ,2 fo ) ,  The i n f r a - r e d  s p e c t r o ia ( h o m o g e n e o u s )
w as  2 . 2 3  M, 2 , 2 6  M, 2 ,2 9  M, 2 , 2 8  S, 2 , 4 1 8 ,  2 ,4 7  8 , 2 ,5 0  S,
2 , 7 2  M b r , ,  5 . 1 2  W, 5 ,2 2  W s h . , 5 .2 2  W, 5 . 4 2  W s h , , 5 .5 2  W,
5 . 7 0  W, 5 . 8 2  W, 6 ,2 1  M, 6 , 2 9  W, 6 .6 7  M, 6 . 8 6  S , 7 . 2 0  M, 7 . 2 9  M,
7 . 4 0  W, 7 . 5 9  W, 7 .7 0  W s h , ,  7 .8 0  W s h , , 7 . 9 3  W, 8 . 1 2  W, 8 , 2 8  W,
8 , 5 2  W, 8 , 6 3  W, 8 ,7 7  W, 8 , 8 6  W s h , ,  9 . 1 3  M, 9 .2 2  M, 9 . 6 6  M,
9 . 7 8  W, 9 ,9 7  W, 1 0 ,1 9  W, 1 0 .2 6  W, 1 0 .4 2  W s h , , 1 0 .6 4  W, 1 0 .8 2  W,
1 0 ,9 6  W, 1 1 ,2 0  W, 1 1 ,4 4  W, 1 1 ,6 0  W s h . , 1 1 ,8 7  W, 1 2 , 9 8  S,
1 2 .2 8  S, 1 4 .2 4  m i c r o n s  8 ,
C h r o m a to g r a p h y  o f  l o v a r  r o t a t i o n  r e d u c t i o n  p r o d u c t  
The s m a l l  f o r e - r u n s  f ro m  t h e  d e h y d r a t i o n  w ere  c o m b in e d  a n d  h a d  
o6  + 5 1 ° ,  T h i s  m a t e r i a l  o n  p r o t r a c t e d  h y d r o g e n a t i o n  o n l y
a b s o r b e d  7 6 ^  o f  t h e  t h e o r e t i c a l  am oun t o f  h y d r o g e n  . The p r o d u c t  
( oL  ^ ^ g ^ + 3 8 ,5 0 ° )  was c h r o m a to g r a p h e d  . A s a  r e s u l t  o f  s m a l l  
s c a l e  e x p e r i m e n t s , a  co lum n  o f  4 cms r a d i u s  c o n t a i n i n g  500 g , 
o f  a c t i v a t e d  a l u m i n a  ( e x  H o p k in s  a n d  W i l l i a m s  a n d  h e a t e d  a t
3 6
120 f o r  f o u r  h o u r s  a n d  c o o l e d  i n  a  d e s i c c a t o r ) ,  g r a v i t y  p a c k e d
i n  p e t r o l e u m  e t h e r  4 0 / 6 0 ° ,  w as p r e p a r e d .  20 g .  o f  m a t e r i a l
o ^ c / / r> .+ ^ « 5 0 °  w as a d d e d  a n d  t h e  co lu m n  d e v e l o p e d  w i t h  p e t r o l e u m  5 4 d 1
e t h e r  4 0 /6 0 °  a n d  25  c . c .  f r a c t i o n s  c o l l e c t e d  , t h e  s o l v e n t  
e v a p o r a t e d  , a n d  r e s i d u e s  d i s t i l l e d .
S o l v e n t W eigh t P r o p e r t i e s
1 -  10 P .  E .  4 0 /6 0 - -
11 -  16 same 1 0 .7  g . 5461 * 5 4 .0 3 °
17 -  22 same 6 . 5  g . ^ 5 4 6 1  * 5 6 . 2 1 °
2 S  -  28 same — —
A d d e d  f u r t h e r  18 g .  o f  mate i r i a l  ( 461 *® 5.50°)
2 9 - 3 4 same - -
3 5 - 4 0 same 12 g . + 5 6 . 6 1 ° ,  71’'® 1 .5 1 8 0
1 41 -  46 same 2 . 2  g . 5461
47 -  52 
5 3  -  58
lO ^ b e n z e n e ;  
p .  E . 4 0 /6 0 °  
same
— —
59 -  64 
65  -  70 
71 -  7 6
20?^benzene: 
p .  E . 4 0 /6 0 °
5 o ^ b e n z e n e :  




^ 5 4 6 1  - M . 0 4 ° .  / ^ 4 . 5 2 1 8
/ 5 4 6 1  - 4 5 - “ °
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T h u s  38 g . o f  ^ 5 4 5 -^+^* 5 0 °  y i e l d e d  2 9 . 2  g . c o r r e s p o n d i n g  
c l o s e l y  i n  p r o p e r t i e s  t o  t h e  h y d r o g e n a t i o n  p r o d u c t  o f  t h e  
m a in  o l e f i n  f r a c t i o n  o f  h i g h e r  r o t a t i o n  , a n d  2 , 2  g .  o f  
m a t e r i a l  o f  i n t e r m e d i a t e  r o t a t i o n , p r o b a b l y  i n d i c a t i n g  s a t u r a t i o n  
o f  t h e  co lu m n . S t r o n g e r  e l u t i o n  gav e  7 g .  o f  m a t e r i a l  h a v i n g  
p r o p e r t i e s  w h ic h  i d e n t i f y  i t  a s  c a r b i n o l .
The p r e p a r a t i o n  o f  B a r iu m  4 - (  3 - m e n t h y l ) - b e n z e n e s u l p h o n a t e .
The 3 - p h e n y lm e n th a n e  ( 2 1 , 6  g . , 0 , 1  m o l . )  a n d  c o n c e n t ­
r a t e d  s u l p h u r i c  a c i d  ( 1 9 , 6  g , , 0 . 2  m o l ,  ) w ere  s t i r r e d  a t  120°  
f o r  40 m i n u t e s  . The r e s u l t a n t  s o l u t i o n  was t h e n  d i s s o l v e d  i n  
w a t e r  , n e u t r a l i s e d  w i t h  s o d iu m  c a r b o n a t e  , a n d  s a t u r a t e d  a t  
t h e  b o i l  w i t h  so d iu m  c h l o r i d e  . O n ly  t a r r y  m a t e r i a l  s e p a r a t e d  
b u t  a d d i t i o n  o f  b a r iu m  c h l o r i d e  s o l u t i o n  g av e  a  s t i c k y  p a l e  
y e l l o w  s o l i d  ( 3 2 , 5  g . ) .  T h i s  w as c h a r c o a l e d  a n d  c r y s t a l l i s e d  
f r o m  m e th a n o l  a s  p r i s m s  ( 1 9 . 5  go) i n f u s i b l e  up t o  3 0 0 ° ,
( P o u n d ;  Ba, 1 8 .1  . C ^^H ggSO g.0 .5B a.H gO  r e q u i r e s  B a , 1 8 ,0 ^ )
T h i s  s u b s t a n c e  w as r e a d i l y  s o l u b l e  i n  c h l o r o f o r m  b u t  v e r y  
s p a r i n g l y  i n  e t h a n o l  , i s o p r o p a n o l  , a c e t o n e  a n d  e t h y l  a c e t a t e  .
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P e r s i s t e n t  c r y s t a l l i s a t i o n  o f  t h e  b a r iu m  s a l t  f ro m  m e t h a n o l  
g a v e  s m a l l  c h a n g e s  i n  r o t a t i o n  . E v e n t u a l l y  s u c c e s s i v e  c r o p s  
w ere  o b t a i n e d  + 6 8 . 2 ° ,  + 7 0 .2 1 ° ,  + 7 0 . 1 6 ° .  T h i s  h o m o g e n e o u s^
l e s s  s o l u b l e  s a l t  was b e t t e r  p r e p a r e d  t h r o u g h  f r a c t i o n a t i o n  o f  
t h e  s t r y c h n i n e  s a l t .
S t r y c h n i n e  4 - (  3-me n t h y l )  - b e n z e n e  s u l p h o n a t e  s .
The b a r i u m  s a l t  ( 113  g . , 0 . 3 1  m o l . )  was f i n e l y  
p o w d e r e d  a n d  a d d e d  t o  a  s o l u t i o n  o f  s t r y c h n i n e  h y d r o c h l o r i d e  
(1 3 0  g o ,  0 . 3 2  m o l . ) i n  w a t e r  (1 2 0 0  c . c . )  a n d  s t i r r e d  o n  t h e  
s t e a m - b a t h  f o r  7 « 5  h o u r s .  F i l t e r e d  a n d  w a sh e d  w i t h  w a t e r , t h e  
s a l t  1 8 8 .5  g . ( 9 4 ^ )  h a d  + 5 . 6 ° ( c  1 .0 7 2 )  . S e v e r a l  c r y s t a l l ­
i s a t i o n s  f ro m  e t h a n o l  gave  a  c r o p  ( 4 5  g . , 2 5 ^ )  m .p .  2 8 5 ° ,  ( c h a n g e s  a t  
2 0 7 ° ) , [ o 6 ] ^ ^ g ^  + 1 8 . 7 6 ° ,  ( c  1 .1 7 2 )  u n c h a n g e d  b y  f u r t h e r  c r y s t a l l i s ­
a t i o n .  (F o u n d :  C, 6 9 .3 5 ;  H, 7 . 1 ;  N, 4 . 9 .  C ^H ^^O  N ^ 8 . ( 0 .5 H ^ 0 )  
r e q u i r e s  G, 6 9 . 5 ;  H, 7 . 4 ;  N, 4 . 4 ^ )
R e p e a t e d  c r y s t a l l i s a t i o n  o f  t h e  mo t h e  r - 1  i  quo  r  g a v e  a  
s e c o n d  p u r e  s a l t  ( 9  g . , 5^ )  m .p .  2 8 0 ° ( a d m ix e d  w i t h  l e s s  s o l u b l e  
s a l t  2 7 0 - 2 7 5 ° ) ,  + 2 . 9 4 ° ( c  1 . 5 3 2 ) ,  (P o u n d :  C, 6 8 . 1 ;
H, 7 . 4 ;  Ï Ï . 4 . 3 .  r e q u i r e s  C, 6 8 . 5 ;  H, 7 . 5 ;  R, 4 . 3 ^ )
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A c t i v e  b a r iu m  4 - (  3 - m e n t h y l ) - b e n z e n e s u l p h o n a t e .
The s t r y c h n i n e  s a l t + 1 8 , 7 6 ° ( 1 2 « 6  g . )  was 
d i s s o l v e d  i n  h o t  m e th a n o l  ( 1 2 0  c . c . )  a n d  a d d e d  t o  a  s o l u t i o n  
o f  so d iu m  ( 0 . 5  g .  ) i n  m e t h a n o l  ( 1 0  c . c . )  a n d  r e f l u x e d  f o r  
3 h o u r s .  On c o o l i n g  s t r y c h n i n e  ( 6 . 5  g . ) s e p a r a t e d .  The 
m e t h a n o l  w as e v a p o r a t e d  a n d  t h e  r e s i d u e  t a k e n  up i n  w a t e r  
( 1 0 0  c . c . )  a n d  f i l t e r e d  t o  a  c l e a r  s o l u t i o n .  A d d i t i o n  o f  
d i l u t e  b a r iu m  c h l o r i d e  i n  s l i g h t  e x c e s s  g av e  t h e  p u r e  b a r iu m  
s a l t  ( 7 . 3  g . ,  q u a n t i t a t i v e )  + 7 0 .0  ( £ 1 . 0 0 )  u n c h a n g e d
o n  r e p e a t e d  c r y s t a l l i s a t i o n  f r o m  m e t h a n o l  v i ien ce  i t  s e p a r a t e s  
a s  c h a r a c t e r i s t i c  p r i s m s .
S i m i l a r l y  t h e  ^ y c h n i n e  s a l t  [ « ^ ] f |g ^ + 2 . 9 4 °  g a v e  a  
s e c o n d  b a r iu m  s a l t  h a v i n g  + 3 0 . 0 7 ° ( c  0 .4 3 6 0 )
A c t i v e  4 - (  3 - m e n t h y l )  - b e n z e n e  s u l p h o n y l  c h l o r i d e .
The b a r i u m  s a l t  [o6]  ^^g^ + 7 0 .0  ( 7 . 3  g ,  , 0 . 0 2  m o l . )  
a n d  p h o s p h o r u s  p e n t a c h l o r i d e  ( 3 . 2  g .  , 0 . 1 5  m o l . )  w e re  h e a t e d  
f o r  4 h o u r s  i n  a  b a t h  i r i a i n t a i n e d  a t  1 5 0 ° .  A h o m o g e n e o u s  m e l t  
g r a d u a l l y  f o r m e d . , w h ic h  w as c o o l e d  a n d  e x t r a c t e d  f o u r  t i m e s  
w i t h  b o i l i n g  b e n z e n e .  The b e n z e n e  was e v a p o r a t e d  a n d  t h e  r e s i d u e  
d i s t i l l e d .
4 0
The s u l p h o n y l c h l o r i d e  , 4 . 8  g . (76)G), h a d  b . p .  2 1 0 ° ( b a t h ) / 2  mm. 
a s  a  c o l o u r l e s s , v i s c o u s  o i l  f r e e l y  s o l u b l e  i n  a l l  t h e  common 
s o l v e n t s  w i t h  t h e  e x c e p t i o n  o f  m e t h a n o l .  Vlhen m e t h a n o l  was 
c a u t i o u s l y  a d d e d  t o  a  w e l l  c o o l e d  e t h e r  s o l u t i o n  ( - 7 0 ° )  s o l i d  
s e p a r a t e d .  The s u l p h o n y l c h l o r i d e  m e l t e d  a t  1 3 - 1 4 ° a n d  h a d  
[oC] g^g^+67* 5 6 ° ( c  0 .6 0 4 0 )  . T h ese  p r o p e r t i e s  w ere  u n c h a n g e d  
b y  s i m i l a r  p r e c i p i t a t i o n .  The s u l p h o n y l c h l o r i d e  w as r e c o v e r e d  
u n c h a n g e d  a f t e r  a t t e m p t e d  h y d r o l y s i s  w i t h  b o i l i n g  1 : 1  HGl. 
H y d r o l y s i s  w i t h  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  was s u c c e s s f u l  
a n d  a d d i t i o n  o f  b a r iu m  i o n s  gave  t h e  b a r i u m  s a l t .  An a t t e m p t e d  
p r e p a r a t i o n  o f  t h e  f r e e  a c i d  b y  t r e a t m e n t  o f  t h e  l e a d  s a l t  
w i t h  h y d r o g e n  s u l p h i d e  ( K u r s a n o f f ,  A n n a l e n . 19 01 , 318 , 309) 
o n l y  g av e  o i l y  p r o d u c t .
S i m i l a r l y  t h e  b a r iu m  s a l t [o C ]g ^ g ^  + 3 0 .0 7 °  g ave  t h e  
s u l p h o n y l c h l o r i d e  b . p .  2 l 8 ° / 3  mm. a s  a  c o l o u r l e s s  o i l  [p6]g^g^  + 3 3 , 5 8 ° ,  
( c  0 .5 3 6 0 )  , (F o u n d :  G, 6o . 6 ; H, 7 . 4 ;  G l ,  1 0 .5 .  C^gH^^SO^Gl 
r e q u i r e s  C, 6 1 . 0 ;  H, 7 . 4 ;  C l  1 1 .3 ^ )
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A c t i v e  4 - (  3 - T n e n th y l ) - b e n z e n e  s u lp h o n a m i  d e .
T he s u l p h o n y l c h l o r i d e  ( 2 . 5  g . )  a n d  c o n c e n t r a t e d  
am m onia  ( 50 c . c . )  w ere  h e a t e d  on  t h e  s t e a m - b a t h  a n d  t h e n  
e v a p o r a t e d  , v d t h  vacou$im , t o  d r y n e s s  • The r e s i d u e  was 
t a k e n  up i n  b e n z e n e  , w a sh e d  w i t h  w a t e r  a n d  t h e  b e n z e n e  
e v a p o r a t e d .  The r e s i d u e  w as c r y s t a l l i s e d  f ro m  b e n z e n e / p e t r o l e u m  
e t h e r  4 0 - 6 0 °  w hence t h e  s u lp h o n a m id e  ( 2 . 2  g . , 9 4 ^ )  s e p a r a t e d  
a s  s h e a v e s  o f  s t o u t  n e e d l e s  m .p .  1 3 5 ° ,  + 7 1 . 6 0 ° ( £  0 . 7 4 0 )
u n c h a n g e d  b y  f u r t h e r  c r y s t a l l i s a t i o n  f r o m  t h e  s o l v e n t  m i x t u r e  
o r  f r o m  m e t h a n o l .
(P o u n d :  0 ,  6 5 . 0 ;  H, 8 . 6 ; N, 5 . 1 ;  S , 1 0 . 8 .  O^gH^^NSO^ r e q u i r e s  
C, 6 5 . 1 ;  H, 8 . 5 ;  N, 4 . 7 ;  S , 1 0 .8 ^ )
S i m i l a r l y  t h e  s e c o n d  s u l p h o n y l c h l o r i d e  g a v e  a  
s u lp h o n a m id e  a s  n e e d l e s  f r o m  b e n z e n e / p e t r o l e u m  e t h e r  4 0 - 6 0 °  
m .p .  132 - 1 3 3 °  ( a d m ix e d  w i t h  t i i e  f i r s t  s u lp h o n a m id e  m .m .p .  
1 1 0 - 1 1 4 ° ) ,  + 3 4 .0 3 °  ( c  0 .7 6 4 0 )  , (P o u n d ;  C, 6 4 . 4 , 6 5 . 3 ;
H, 8 . 6 , 7 . 9 ;  W, 5 . 7 , 4 . 8 ;  S 1 0 .7 / ° ) .
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T he  p r e p a r a t i o n  o f  £ - s u l p h o n a r a i d o b e n z o i c  a c i d ,
£ - T  o 1  u e  ne  s u l p h o  n a m i de ( m ,p ,  1 3 5 - 1 3 6 ° )  ( 1 7 . 1  g o )  was 
d i s s o l v e d  i n  a  warm s o l u t i o n  o f  s o d iu m  h y d r o x i d e  (4© 5 g# ) 
i n  w a t e r  ( 3 0 0  c . c , ) .  P o t a s s i u m  p e r m a n g a n a te  (3 0  g , ) was f i n e l y  
g r o u n d  a n d  a d d e d  p o r t i o n w i s e  o v e r  f o u r  h o u r s  a n d  s t i r r i n g  
c o n t i n u e d  f o r  a  f u r t h e r  tw o  h o u r s .  F i l t e r e d  a n d  w a s h e d  w i t h  
h o t  w a t e r .  The f i l t r a t e  w as d e c o l o u r i s e d  w i t h  s o d iu m  m e ta ­
b i s u l p h i t e  a n d  o n  m a k in g  a c i d  s o l i d  s e p a r a t e d .  The £ - s u l p h o n -  
a m i d o b e n z o i c  a c i d  ( 1 8 , 0  g o , 9 0 ^ )  h a d  m . p , 2 9 2 - 2 9 3 ° d ,  ( l i t ,  2 8 0 ° d .  )
The p r e p a r a t i o n  o f  e t h y l - ^ - s u l p h o n a m i  d o b e n z o a t e ,
R em sen , ( A n n a l e n , 1875# 1 7 8 , 300)
The £ -  s u lp h o n a m i  do be n z o i  c a c i d  ( 4  g .  ) w as  d i s s o l v e d  
i n  warm e t h a n o l  (2 5 0  c . c .  ) a n d  d r y  h y d r o c h l o r i c  a c i d  g a s  
p a s s e d  i n  t i l l  s a t u r a t e d  ( f o / r t y  m i n u t e s )  w i t h o u t  c o o l i n g  •
T he e t h a n o l  w as  e v a p o r a t e d  a n d  t h e  r e s i d u e  c r y s t a l l i s e d  f r o m  
w a t e r .  E t h y l - £ - s u l p h o n a m i d o b e n z o a t e  s e p a r a t e d  a s  s t o u t  n e e d l e s  
m .p ,  1 o 2 - 1 o 3 ° .  Remsen ( l o c . c i t . ) g a v e  m ,p .  1 1 0 - 1 1 1 ° a n d  9 4 - 9 5 °  
(F o u n d ;  C , 4 7 o 1 ; H , 4 . 6 ; N , 5 . 8 . C a l c ,  f o r  CgH^^O^NS. C , 4 7 . 1 ; H , 4 . 8 ; 
N ,6 . 1 ) ( ) .
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The o x i d a t i o n  o f  4- ( 3 - m e n t h y l ) - b e n z e n e s u l p h o n a m i d e s .
The tw o a c t i v e  s u lp h o n a m i d e s  ( 0 . 8  g . ) w e re  o x i d i s e d  
a s  d e s c r i b e d  f o r  t h e  m e th y l  a n a l o g u e  , w i t h  p o t a s s i u m  p e r m a n g a n a te  
( 1 0  g . )  i n  a  warm s o l u t i o n  o f  so d iu m  h y d r o x i d e  ( 2  g .  ) i n  w a t e r  
( 100 c . c , )  . The a c i d i c  p r o d u c t s  w ere  i n  e a c h  c a s e  e s t e r i f i e d  
a n d  d i d  n o t  t h e n  d e p r e s s  t h e  m e l t i n g  p o i n t  o f  e t h y l - £ - s u l p h o n -  
a m i d o b e n z o a t e .
The p r e p a r a t i o n  o f  c h l o r a m i n e - T .
M e th o d  1 . C h a t t a w a y ,  ( J . , 1 9 0 5 ,  1 4 8 ) ;  S o p e r ,  ( J . , 1 9 2 4 ,  1909)
£ -T o  l u e  ne  s u lp h o n a m id e  ( 8 . 6  g . )  was d i s s o l v e d  i n  
g l a c i a l  a c e t i c  a c i d  ( 1 2 5  c . c . )  a n d  o n  a d d i t i o n  o f  b l e a c h i n g  
p o w d e r  s o l u t i o n  ( f r o m  8 g . o f  p o d e r )  t h e  £ - t o l u e n e s u l p h o n d i c h l o r -  
a m id e  p r e c i p i t a t e d  a n d  h a d  m .p .  8 0 - 8 2 ° .  ( l i t .  8 3 ° ) .  T h i s  was ( l . 8 g) 
a d d e d  p o r t i o n w i s e  t o  so d iu m  h y d r o x i d e  s o l u t i o n  (1 5  c . c .  o f  10^ )  
a t  a  b a t h  t e m p e r a t u r e  o f  8 5 ° w i t h  s t i r r i n g , s o  t h a t  e a c h  p o r t i o n  
d i s s o l v e d  l e a v i n g  a  c l e a r  s o l u t i o n  . On s t a n d i n g  a t  room  t e m p e r ­
a t u r e  l o n g  n e e d l e s  s e p a r a t e d  1 . 6  g .  ( 9 0 ^ ) ,  m . p . l 8 o ° ( i m p e t u o u s  d . )
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M e th o d  2o H a n b y  a n d  R y d e n , ( J . , 19 46 , 8 6 6 )
£ - T o l u e n e  s u lp h o n a m i  de ( 8 . 6  g . , 0 . 0 5  m o l . )  w as d i s s o l v e d  
i n  warm s o d iu m  h y d r o x i d e  s o l u t i o n  ( 5o c . c .  o f  10^ ) ^ a n d  so d iu m  
h y p o c h l o r i t e  s o l u t i o n  (5 0  c . c .  o f  10^ )  a d d ed  d r o p  w i s e  w i t h  v i g ­
o r o u s  s t i r r i n g .  A t  t h e  e n d  o f  t h e  a d d i t i o n , s o l i d  b e g a n  t o  s e p a r a t e  
a n d , a f t e r  c o o l i n g  i n  i c e  w a t e r ,w a s  f i l t e r e d .  The c h l o r a m i n e - T  
1 0 . 4  g . ( 9 0 ^ )  i m p e t u o u s l y  d eco m p o se d  a t  1 7 5 ° .
T he t i t r a t i o n  o f  t h e  c h l o r a m i n e s .
The c h lo r a m i n e  w as d i s s o l v e d  i n  a c e t i c  a c i d  a n d  a  
c a l c u l a t e d  e x c e s s  o f  p o t a s s i u m  i o d i d e  i n  w a t e r  a d d e d  . The 
l i b e r a t e d  i o d i n e  v^as t i t r a t e d  w i t h  a  s t a n d a r d i s e d  so d iu m  t h i o -  
s u l p h a t e  s o l u t i o n .
The m a t e r i a l  p r e p a r e d  ab o v e  ( 0 . 0  620 g . ) w as  d i s s o l v e d  
i n  a c e t i c  a c i d  ( 2 5  c . c . ) .  10 c . c .  p o r t i o n s  w ere  a d d e d  t o  
p o t a s s i u m  i o d i d e  ( 0 . 5  g . ) i n  w a t e r  ( 1 0  c . c . )  a n d  t h e  r e s u l t a n t  
s o l u t i o n  t i t r a t e d  w i t h  t h i o s u l p h a t e  s o l u t i o n  ( 0 . 0 0 9 9 2  N . ) t i l l  
c o l o u r l e s s  i n  t h e  p r e s e n c e  o f  f r e s h l y  p r e p a r e d  s t a r c h  p a s t e .  
T i t r e s  v;ere 1 9 .0 5  c . c .  a n d  1 8 .9  c . c .  T h e r e f o r e  f o u n d  G l,  1 3 .5 1  
1 3 . 4 .  G ^ ^ O g N S C l .m .  2HgO h a s  1 3 .4 5 ^  o f  a c t i v e  h a l o g e n .
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4 - (  3 - m e n t h y l )  - b e n z e n e d i c h l o r o s u l p h o n a m i d e .
T he p u r e  s u lp h o n a m id e  ( 0 . 7 7  g # )  i n  a c e t i c  a c i d  ( 2  c . c . )  
w as  t r e a t e d  w i t h  a n  e x c e s s  o f  b l e a c h i n g  p o w d e r  s o l u t i o n  ( f r o m
0 . 5  g .  o f  p o w d e r  ) v h en  a  v i s c o u s  o i l  s e p a r a t e d  . T h i s  was 
w a s h e d  a n d  t r i t u r a t e d  w i t h  w a t e r  t o  a  s t i c k y  s o l i d  w h ic h  w as 
r e t r e a t e d  a s  a b o v e  . The p r o d u c t  w as d r i e d  o v e r  p h o s p h o r u s  
p e n t o x i d e  t o  a  f r e e  r u n n i n g  p o w d er  ( 0 . 9 7  g . ) . C r y s t a l l i s a t i o n  
f r o m  p u r i f i e d  p e t r o l e u m  e t h e r  4 0 -6 0 °  g a v e  p r i s m s  m .p .  6 3 - 6 5 ° .  
( P o u n d :  C l ,  1 8 . 8  .C ^^H ^gO ^H S.C l^  r e q u i r e s  C l ,  1 9 . 4 ^ )
S o d iu m  4 - (  3-m e n t h y l  ) - b e n z e n e  s u lp h o  n  c h i  o r a m i  d e .
M e th o d  1 .
The d i c h l o r  s u lp h o n a m i  de ( 0 . 3  g . )  was a d d e d  i n  s m a l l  
p o r t i o n s  t o  s t i r r e d  s o d iu m  h y d r o x i d e  s o l u t i o n  ( 1 . 5  c . c .  o f  10 fo )  
i n  a  b a t h  a t  5 0 ° .  On s t a n d i n g  n e e d l e s  s e p a r a t e d  ( 0 . 1 3  g ,  ) w h ic h  
i m p e t u o u s l y  d e c o m p o se d  a t  1 5 2 ° ,  a f t e r  s i n t e r i n g  a t  1 4 2 ° ,
( P o u n d :  C l ,  9 . 1  . C^gH^^O^NS.C l .N a .2 H ^ 0  r e q u i r e s  C l ,  9 . 1 ^ )
T h e s e  p r o p e r t i e s  w ere  u n a f f e c t e d  by r e p r e c i p i t a t i o n  f r o m  w e l l  
c o o l e d  s o d iu m  h y d r o x i d e  s o l u t i o n .  A s p e c im e n  d r i e d  o v e r
4 6
m agne s iu m  p e r c h l o r a t e  a t  8 0 ° /  5nnri. f o r  t h r e e  h o u r s  d e c o m p o se d  
v i g o r o u s l y  a t  1 7 0 ° .  ( P o u n d  0 1 ,  1 0 . 3 .  C^gH^^O^HS.OloNa r e q u i r e s
1 0 .  i / o ) .
M e th o d  2,
The p u r e  4 - (  3-m e n t h y l ) - b e n z e n e  s u lp h o n a m i  de ( 0 . 6 5  g .  )
w as  d i s s o l v e d  a t  40° i n  a  s t i r r e d  s o l u t i o n  o f  s o d iu m  h y d r o x i d e  
( 7 5  c . c . o f  2 / )  a n d  so d iu m  h y p o c h l o r i t e  s o l u t i o n  ( 4  c . c .  o f  1 0 / )  
a d d e d  d r o p v ; i s e .  A f t e r  t h i r t y  m i n u t e s  a  f u r t h e r  2 c . c .  o f  h y p o ­
c h l o r i t e  w a r e a d d e d  a n d  s t i r r i n g  c o n t i n u e d  f o r  a  f u r t h e r  t h i r t y  
m i n u t e s  . On c o o l i n g  c h a r a c t e r i s t i c  n e e d l e s  s e p a r a t e d  i d e n t i c a l  
w i t h  t h e  s o d iu m  4 - (  3 - m e n t h y l ) - b e n z e n e s u l p h o n c h l o r a m i d e  
p r e p a r e d  by  m e th o d  1 . ( 0 . 7 7  g .  , 7 6 / ) .
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P a r t  I I .
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P a r t  I I ,
The S t e r e o c h e m i s t r y  o f  t e t r a s u b s t i t u t e d  S u l p h u r .  
I n t r o d u c t i o n .
1 . T he S u lp h o n iu m  com pounds .
P op e  a n d  P e a c h e ÿ , ( J . , 1 9 0 0 ,1 0 7 2 . , )  t r e a t e d  m e t h y l  e t h y l
s u l p h i d e  w i t h  b r o m o a c e t i c  a c i d  a n d  f o r m u l a t e d  t h e  r e a c t i o n  a s
CH^COOH
C Æ ^ -8 -G H ^  + Br-GH^GOOH  ----- >  G ^ R .-S -C H ^2 b o d d 0 \ o
B r
T r e a t m e n t  w i t h  s i l v e r ( + ) c a m p h o r s u l p h o n a t e  g a v e  t h e  s u l p h o n i u m -  
(+ )  c a m p h o r s u l p h o n a t e  w h i c h , a s  a  r e s u l t  o f  p r o t r a c t e d  
c r y s t a l l i s a t i o n , g a v e  a  f r a c t i o n  w h ich  was c o n v e r t e d  t o  t h e  
c h l o r o p l a t i n a t e  h a v i n g  + 4 . 6  a n d  + 3 0 . 8 ° .  P o p e  a n d
P e a c h e y  f o r m u l a t e d  t h e  c a r b o x y m e t h y l m e th y l  e t h y l  s u lp h o  n i  urn 
c h l o r o p l a t i n a t e  a s , GH COOH I
Gr;Hq —8—GH
2 5 I 3
a n d  s t a t e d
P t C l ,
Gl
"  s u c c e e d e d  i n  o b t a i n i n g  a n  o p t i c a l l y  a c t i v e  s u b s t a n c e
w h ic h  ow es i t s  r o t a t o r y  p o w e r  t o  t h e  p r e s e n c e  o f  an  a s y m m e t r i c  
q u a d r i v a l e n t  s u l p h u r  a to m  a n d  h a v e  t h u s  p r o v e d  t h a t  i n  
c o m p o u n d s  o f  t h e  t y p e  8X^ t h e  s u l p h u r  a to m  i s  t r u l y
q u a d r i v a l e n t "  a n d  c o n c l u d e   s u l p h u r  a to m  a c t s  a s  a
c e n t r e  o f  o p t i c a l  a c t i v i t y  j u s t  a s  d o e s  t h e  c a r b o n  o n e " .  
S i m i l a r l y  S m i l e s ,  ( J . , 1 9 0 0 , 1 1 7 4 , )  d e s c r i b e d  t h e  p r e p a r a t i o n  o f  
m e t h y l e t h y l p h e n a c y l s u l p h o n i u m  p i c r a t e s  h a v i n g
49
r o t a t i o n s  o f  - 9 . 2  a n d . +8 . 1^ .
T h e s e  a c t i v e  s u l p h o n i u m  co m p o u n d s  becam e o f  
e x c e p t i o n a l  i n t e r e s t  s e v e r a l  y e a r s  l a t e r  when W e r n e r ' s  v i e w s  
o n  d i r e c t e d  a n d  n o n - d i r e c t i o n a l  v a l e n c i e s  becam e k n o w n . I t  
a p p e a r e d  t h a t  t h e i r  o p t i c a l  a c t i v i t y  w as  due  t o  t h e  t h r e e  
r i g i d l y  h e l d  g r o u p s  a r o u n d  t h e  s u l p h u r  atom * The e x p l a n a t i o n  
o f  t h e  o p t i c a l  a c t i v i t y  b y  d i r e c t  a n a l o g y  w i t h  t e t r a s u b s t i t u t e d  
c a r b o n  was o v e r t h r o w n .
SO
2 . ( a ) . The S a l p h i n i c  e s t e r s *
O p t i c a l  a c t i v i t y  i n  t r i s u b s t i t u t e d  s u l p h u r  w as 
c o n f i r m e d  when P h i l l i p s , ( J * , 1 9 2 5 ,2 5 5 2 ,)  d e s c r i b e d  a c t i v e  
s u l p h i n a t e s  o b t a i n e d  b y  p a r t i a l  r e s o l u t i o n  i n v o l v i n g  e s t e r  
i n t e r c h a n g e .
To a c c o u n t  f o r  t h e  a s y m m e try ,  P h i l l i p s  r e p l a c e d  
t h e  t h e n  a c c e p t e d  d o u b le  b o n d  f o r m u l a ,  w h ic h  i f  t e t r a h e d r a l  
w o u ld  g i v e  r i s e  t o  a  f l a t  m o l e c u l e ,  w i t h  a  bond  s t r u c t u r e  
c o n t a i n i n g  a  s e m i - p o l a r  b o n d  f r o m  s u l p h u r  t o  t h e  o x y g e n  
a to m ,  w h ic h  r e c e i v e d  s t r o n g  s u p p o r t  f r o m  p a r a c h o r  
m e a s u re m e n t*  P h i l l i p s  s t a t e d  a s  a  p r e l i m i n a r y  h y p o t h e s i s  
t h a t  "The s u l p h u r  a to m  i s  a s y m m e t r i c  s i n c e  i t  h a s  t h r e e  
d i f f e r e n t  g r o u p s  a t t a c h e d  t o  i t  a n d  p o s s e s s e s  a  l o n e  p a i r  
o f  e l e c t r o n s  w h ic h  r e n d e r  t h e  s y s te m  a n a l o g o u s  t o  t h a t  by  
w h ic h  a n  a s y m m e t r i c  c a r b o n  i s  s u r r o u n d e d *  " The o c t e t  t h e o r y  
r e q u i r e d  t h a t  i n  a  s t a b l e  m o l e c u l e ,  e a c h  a to m  w o u ld  be 
s u r r o u n d e d  by  a  s h e l l  o f  e i g h t  v a l e n c y  e l e c t r o n s .  Many l i n e s  
o f  e v i d e n c e  h a v e  s u g g e s t e d  t h e  f o l l o w i n g  e l e c t r o n  c o n f i g u r a t i o n s  




■ Is 2 s p* 3 s  p*
C a r b o n  (A to m ic  n o . 6 . )  ® 0 0 0 0f  t  f  t"
f
S u l p h u r  (A to m ic  n o .  16) ® ( D ( 5 0 O
On t h i s  t h e o r y  s u l p h u r  c a n  c o n s i s t e  i t s  o c t e t  by j o i n i n g  i n
two n o r m a l  c o v a l e n c i e s  a n d  m a k in g  a  t h i r d  s i n g l e t  b o n d  by
d o n a t i n g  o ne  e l e c t r o n  p a i r .  The f o u r  p a i r s  o f  e l e c t r o n s ,  t h e
f o u r t h  p a i r  i s  u n b o n d e d ,  w o u ld  t h e n  be d i r e c t e d  t o  t h e
c o r n e r s  o f  a  t e t r a h e d r o n .
The s u l p h o n i u m  c o m p o u n d s  w ere  r e p r e s e n t e d  a s  
+
X , t h e  l o s s  o f  one  e l e c t r o n  by i o n i z a t i o n  
e n a b l i n g  t h e  s u l p h u r  a to m  t o  c o m p le te  i t s  o c t e t  w i t h  t h r e e  
c o v a l e n c i e s ^ a n d  a g a i n  t h e  f o u r t h  p a i r  i s  u n b o n d e d ,  t h e  
o p t i c a l  a c t i v i t y  b e i n g  e n t i r e l y  due  t o  t h e  c a t i o n .  T h i s  
d i s c u s s i o n  r e p l a c e s  t h e  d i r e c t  a n a l o g y  w i t h  t e t r a s u b s t i t u t e d  
c a r b o n  w i t h  a n  e l e c t r o n i c  o n e ^ b u t  P h i l l i p s  f i n a l  t h e s i s  was 
"An a to m  c a n  b e  a s y m m e t r i c  i f  i t  i s  a t t a c h e d  t o  t h r e e  
d i s i m i l a r  g r o u p s  a n d  c a r r i e s  a  p o s i t i v e  c h a r g e "  a n d  h e  
a c t u a l l y  p i c t u r e d  t h e  a to m  a n d  t h e  t h r e e  s u b s t i t u e n t s  a t  t h e  
f o u r  c o r n e r s  o f  a  t e t r a h e d r o n .
2 . ( b ) . The S u l p h o x i d e .
The p o s s i b i l i t y  o f  t h e  s u l p h o x i d e  e x i s t i n g  a s  a  
s e m i - p o l a r  bond  a n d  f u l f i l l i n g  t h e  P h i l l i p s  r e q u i r e m e n t  f o r
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a s y m m e try  l e d  up t o  i t s  r e  s o l u t i o n .  H a r r i s o n ,  K e n y o n  a n d  
P h i l l i p s , Q l .  » 1 9 2 6 ,  2 0 7 9 . , )  o b t a i n e d  by  c o n v e n t i o n a l  m e t h o d s  
4 - a i r i i n o - 4 * - m e t h y l d i p h e n y l s a l p h o x i d e  t  125^  an d  3 - c a r b o x y -  
p h e n y l m e t h y l s u l p h o x i d e  i n  f o r m s  h a v i n g + 1 2 7  a n d - 1 2 2 ^ .  
T h u s  t h e  d o u b le  b o n d  f o r m u l a  w as r e p l a c e d  b y  — O""
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2 . The S ü lp M d im in e S o
C h lo r a r a in e - T  w as f o u n d  t o  c o n d e n s e  r e a d i l y  w i t h  
s i m p l e  s u l p h i d e s  g i v i n g  c r y s t a l l i n e  s u l p h i d i m i n e s  c o n t a i n i n g  
a  new  n i t r o g e n - s u l p h u r  b o n d .  H a p e r  ( R e p o r t s  t o  t h e  B r i t i s h  
C h e m ic a l  W a r f a r e  d e p a r t m e n t ,  1917) f o u n d  t h e  d e r i v a t i v e  v â t h  
2 : 2 ' - d i c h l o r o d i e t h y l s u l p h i d e  u s e f u l  f o r  c h a r a c t e r i s i n g  s m a l l  
a m o u n t s  o f  t h i s  c o n f o u n d ,  m u s t a r d  g a s .  Mann a n d  P o p e  ( J . , 1 9 2 2 ,  
1 0 5 2 )  e x t e n d e d  P a p e r ' s  w ork  b y  a  s t u d y  o f  t h e  a c t i o n  o f  
c h l o r a m i n e - T  o n  o t h e r  s u l p h i d e s  a n d  f o r m u l a t e d  t h e  r e a c t i o n ,
( 2 _)CHg.CgH^.S0 ( 0 W a);N C l + S - ^ ( 2 ) G H g . G g E ^ . 8 0 g . N = 8  + N aG l
T h i s  f o r m u l a t i o n  o f  t h e  s u l p h i  d im in e  b y  Mann a n d  P o p e  , w o u ld  
g i v e  r i s e  t o  a  p l a n a r  c o n f i g u r a t i o n  o f  f o u r  e q u i v a l e n t  b o n d s  
a r o u n d  t h e  s u l p h u r  , a n d  p r e d i c t s  p o s s i b l e  g e o m e t r i c a l  i s o m e r i s m  
( o f  t h e  ox im e  t y p e ) .  / \  ^ 1x ^
w h e re  Z i s  t o s y l  /  \ /  V  /^  R'
Many c r y s t a l l i n e  s u l p h i  d i  m in e  s  h a v e  b e e n  e x a m in e d  a n d  no r e p o r t
V
h a s  a p p e a r e d  o f  t h i s  t y p e  o f  com pound o c c u l t i n g  i n  tw o  f o r m s .  I t  
t h e r e f o r e  a p p e a r s  t h a t  t h e  p o s s i b l e  i s o m e r i s m  due  t o  t h e  n i t r o g e i
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c o n f i g u r a t i o n  i s  u n s t a b l e  o r  t h a t  t h e  n i t r o g e n  v a l e n c i e s  e x i s t
iv
i n  some a l t e r n a t^e c o n f i g u r a t i o n .
l a t e r  Mann a n d  P o p e  ( J . ,1 9 2 4 ,  9 1 1 )  w ere  d o u b t f u l  i f  
t h e  d o u b le  b ond  b e tw ee n  n i t r o g e n  a n d  s u l p h u r  was a  c o m p le te  
d e s c r i p t i o n  o f  t h i s  l i n k a g e  a n d  com m ented "The p r o b l e m  h e r e  
i s  w h e th e r  t h e  f o u r  v a l e n c y  u n i t s  o f  IV S a r e  a l l  c o m p a ra b le  
v d t h  t h o s e  o f  c a r b o n ,  o r  w h e t h e r  one i s  c o o r d i n a t e d " .  They 
s u s p e c t e d  t h i s  t y p e  o f  com pound w ould  be a s y m m e tr ic  a n d  a t t e m p t e d  
t o  p r e p a r e  a  s u l p h i d i m i n e  f r o m  a n  o p t i c a l l y  a c t i v e  c h l o r a m i n e - T  
a n d  a n  u n s y m m e t r i c a l  s u l p h i d e  . T h e i r  a t t e m p t  t o  c o n v e r t  
l - p ( -b r o m o c a m p h o r - T r  - s u lp h o n a m id e  t o  t h e  c h lo r a m i n e - T  a n a lo g u e  
w as u n s u c c e s s f u l , a s  a l i p h a t i c  s u lp h o n a m id e s  do n o t  g i v e  t h e  
d e r i v a t i v e  ( C f .  C l u t t e r b u c k  a n d  C ohen, J . ,  1922, 1 2 0 ;  1 9 2 2 ,2 5 0 1 )  
As a n  a l t e r n a t i v e  a p p r o a c h  c h lo r a m i n e - T  was c o n d e n s e d  w i t h  t h e  
o p t i c a l l y  a c t i v e  e t h y l t h i  o lm e t h y l e n e - d - c a m p h o r . The s u l p h i  d i m i n e ,  
d e s p i t e  r e p e a t e d  r e p r e c i p i t a t i o n , f u r n i s h e d  no e v i d e n c e  o f  d C .d S .  
a n d  d C . lS .  i s o m e r i s m .
C l a r k e ,  K enyon a n d  P h i l l i p s  ( J . , 1927, 1 8 8 ) s u c c e e d e d  
i n  o b t a i n i n g  e v i d e n c e  o f  a sy m m e try  i n  t h i s  ty p e  o f  compound
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a n d  t h e r e f o r e  r e p l a c e d  t h e  d o u b le  b o nd  w i t h  a  s i ^ e t  d o n o r  b o n d  
f r o m  s u l p h u r  t o  n i t r o g e n .  T hey  p r e p a r e d  t h e  s u l p h i  d im in e  o f  
m - c a r b o x y p h e n y l m e t h y l s u l p h i de an d  by c o n v e n t i o n a l  m e th o d s  o b t a i n e d  
i t  i n  f o m s  + 337^* One p a i r  o f  e n a n t io m o r p h s  o n l y  w as o b t a i n e d  
i n  t h i s  c a s e ,  a n d  a l s o  i n  t h e  r e s o l u t i o n  o f  t h e  s u l p h i  d im in e  o f  
m -c a rb o x y p h e  n y l e  t h y l  s u l p h i  de  (H o l lo w a y ,  K enyon  a n d  P h i l l i p s ,  J . , 
1 9 2 8 , 3 0 0 0 ) .
A h i s t o r i c a l  d e s c r i p t i o n  h a s  b e e n  p r e s e n t e d  o f  f o u r  
t y p e s  o f  o p t i c a l l y  a c t i v e  t r i s i ^ t i t u t e d  s u l p h u r  com pound . P h i l l i p s  
h a s  r e p r e s e n t e d  t h e  o x y - s u l p h u r  bond a a  a  s i n g l e t  l i n k a g e  o f  t h e  
d o n o r  t y p e  a n d  h a s  a c c o u n t e d  ( i n  h i s  m ore  r a t i o n a l  h y p o t h e s i s )  
f o r  t h e  a c t i v i t y  on  t h e  b a s i s  o f  f o u r  p a i r s  o f  e l e c t r o n s  i n  t h e  
v a l e n c y  s h e l l  a r r a n g e d  t e t r a h e d a a l l y  . On t h i s  b a s i s  i t  i s  o f  
i n t e r e s t  t o  c o n s i d e r  t h e  s t e r e o c h e m i c a l  p o s s i b i l i t y  viien t h e  
s p a r e  ( f o u r t h )  p a i r  b eco m es  b o n d e d . P r e s u m a b ly  a  t e t r a h e d r a l  
c o n f i g u r a t i o n  w o u ld  r e s u l t  a n d  i f  t h e  f o u r t h  s u b s t i t u e n t  i s  
u n l i k e  t h e  o t h e r  d i s s i m i l a r  t h r e e  g r o u p s  t h e n  o p t i c a l  a c t i v i t y  
w o u ld  be e x p e c t e d .  C l a r k e ,  K enyon  a n d  P h i l l i p s  ( l o c . c i t . )  
a t t e m p t e d  t o  s t u d y  t h i s  p o s s i b i l i t y  b u t  on  a t t e m p t e d  o x i d a t i o n
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o f  S ^ -m -ca rb o x y p h en y l-S -m e  t h y l - H - t o l u e n e - 2 . - s u l p i io n y l  s u l p h i  d im in e  
w i t h  h y d r o g e n  p e r o x i d e  d e g r a d a t i o n  o c c u i ^ d ,  £ - t o l u e n e s u l p h o n -  
a m id e  a n d  m - o a rb o x y p h e n ÿ lm e t h y l s u l p h o n e  o n l y  w ere  i s o l a t e d .
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4 . P h y s i c a l  i n v e s t i g a t i o n s .
The r i g o r o u s  a p p l i c a t i o n  o f  t h e  o c t e t  t h e o r y  
i n v o l v i n g  t h e  d o n o r  s i n g l e t  l i n k a g e  t o  o x y - s u l p h u r  a n d  r e l a t e d  
com pounds h a s  b e e n  d i s c a r d e d .
( a )  The e v id e n c e  p r o v i d e d  b y  p a r a c h o r  i s  no  l o n g e r  r e g a r d e d  a s  
c o n c l u s i v e .
( b )  I t  i s  now b e l i e v e d  t h a t  a n  e le m e n t  i n  t h e  s e c o n d  row  o f  
t h e  p e r i o d i c  t a b l e  c a n  e x p a n d  i t s  v a l e n c y  s h e l l  t o  c o n t a i n  
m ore  t h a n  e i g h t  e l e c t r o n s .
( c )  P h i l l i p s , G . M . , H u n te r  a n d  S u t t o n ,  ( J . , 1 9 4 5 ,  1 4 6 ,)  f o u n d  t h a t  
t h e  d i p o l e  moment v h i c h  t h e y  a s s o c i a t e  w i t h  t h e  o x y - s u l p h u r  l i n k  
i s  o n l y  a b o u t  o n e  t h i r d  o f  v a l u e  r e q u i r e d  f o r  f u l l  c h a r g e  
t r a n s f e r e n c e  a n d  t h a t  t h e  o x y - s u l p h u r  s e p a r a t i o n  i s  e v e n  
s h o r t e r  t h a n  t h a t  c a l c u l a t e d  on t h e  b a s i s  o f  a d d i t t i v i t y  f o r  
t h e  s u l p h u r  t o  o x y g e n  d o u b le  bond .
T h e s e  w o r k e r s  f a v o u r  t h e  d o u b l e  t y p e  o f  l i n k a g e  a n d  p r o p o s e d  a  
t r i g o n a l  b y p y ra m id  ( C f .  P C l^  a n d  P ) a r r a n g e m e n t  i . e .
^ \ <i. S"” i s ’ i s ’  3P’ 3C‘
<•• w  ® ??? ?
T h i s  a r r a n g e m e n t  was d e r i v e d  on t h e o r e t i c a l  g r o u n d s  by 
K i m b a l l ,(  J . C h e m .P h y s i c s ,  1 9 4 0 ,8 , 188 ) f ro m  S P ^  e l e c t r o n  f u n c t i o n s .
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E x t e n s i o n  o f  t h i s  s y s te m  t o  s u l p h o n e s  h a v i n g  two d o u b l e  
o x y - s u l p h u r  b o n d s  i s  u n s a t i s f a c t o r y ,  t h e  e l e c t r o n  f u n c t i o n s  
i n v o l v e d  a r e  t h e n  D SP i . e .  s i x  b o n d s  w h ic h  a r e  know n t o  h a v e  
o c t a h e d r a l  sy m m etry  ( C f .  S ) .  T h i s  s y s t e m  c o u ld  g i v e  a s  a
l i k e l y  c o n f i g u r a t i o n  t h e  n l a n a r  f o r m  shown. 
S in c e  t h e  s u l p h o n e s  a r e  known t o  h a v e  a  
3S*3p^  t e t r a h e d r a l  s t r u c t u r e  t h i s  p i c t u r e  i s  n o t
© 0 0 0  o ’©
s t e r e o c h e m i c a l l y  a t t r a c t i v e .
The d e d u c t i o n s  o f  S u t t o n  a n d  c o w o rk e r s  a r e  o p en  t o  c r i t i c i s m  
a n d  a t  p r e s e n t  t h e  d e t a i l s  o f  t h e  e x a c t  n a t u r e  o f  t h e  b o n d s  
a r o u n d  t h e  s u l p h u r  a to m  a r e  u n c e r t a i n  a n d  i n  a  s t a t e  o f  f l u x .
V a l e n c y  A n g le s  o b t a i n e d  f r o m  P h y s i c a l  S t u d i e s .
X5ompound X—S”0 X -S -Z M ethod
PgSO 1 0 6 .8 ° 9 2 . 8 ° m ic ro w a v e
C i^ s o 1 0 6 .5 ° 114° e l e c t r o n  d i f f r a c t i o n
(CH3 ) 2 6 0 1 0 7 ° 1 0 0 ° e l e c t r o n  d i f f r a c t i o n
1 0 6 . 2 ° 9 7 . 3 ° X - r a y  d i f f r a c t i o n
T h u s  i n  t h e  s u l p h o x i d e s  t h e  t h r e e  s u l p h u r  b o n d s  f o r m  a  
s h a l l o w  p y r a m id .
P a s s i n g  on  t o  t h e  t e t r a s u b s t i t u t e d  s u l p h u r ,  i t  may 
be n o t e d  t h a t  t h e  s u l p h a t e  t y p e  t e n d  t o  t h e  t e t r a h e d r a l  e . g .
p o t a s s i u m  e t h y l  s u l p h a t e  ^ O - S - 0  i s  1 0 9 ° (  J a i ^ v i s ,  A c t a .  C r y s t . . 1 9 5 3 ,
6 3 2 7 . )
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Compound X—S—0 ■^x-s-x 0 —8 ^ M eth o d
( ® a ) 2 » 2  
4 , 4 ' - d i b r o m  
s u lp h o n e
1 0 7 .1 °
1 0 6 .5 °
105°
o d i p h e n y l -
1 0 8 .7 °
9 2 . 8 °
1 1 1 .2 °
115°
100°
1 2 9 . 6




e l e c t r o n  d i f f r a c t i o n  
e l e c t r o n  d i f f r a c t i o n
X - r a y  d i f f r a c t i o n
( C o l l e c t e d  d a t a  f r o m  A b rah am s, Q u a r t .  R e v ie w s  , 1 9 5 6 , X , 407 )
E x a m in a t io n  o f  t h e  p h y s i c a l  d a t a  g i v e s  r i s e  t o  t h e  
v ie w  t h a t  t h e  t r i s u b s t i t u t e d  com pounds may be p i c t u r e d  a s  ' 
i n c i p i e n t  t e t r a h e d r a  "and t h a t  t h e  a p p r o x i m a t e  t e t r a h e d r a l  
a n g l e s  a r e  p r e s e r v e d  o n  p a s s a g e  t o  t h e  t e t r a s u b s t i t u t e d  s t a t e .
C h em ica l  a t t e m p t s  t o  i n v e s t i g a t e  v a l e n c y  a n g l e  i n  
o x y - s u l p h u r  com pounds h a v e l e d  t o  r a t h e r  n e g a t i v e  r e s u l t s  
( C f .  McLean a n d  Adam s, J . Amer. Chem. S o c . , 1 9 3 3 , 55 4 6 8 3 ;  R u le  a n d  
T u r n e r , H . M . , J . , 1 9 3 5 , 319 ; L u t t r i n g h a u s  a n d  B u c h o lz  . B e r . . 1 9 3 9 .  
72B 2 0 5 7 . )
fcO
The S t e r e o c h e m i s t r y  o f  t e t r a s u b s t i t u t e d  S u l p h u r .
D i s c u s s i o n .
The S u l p h o x i m in e s .
I n  t h e  i n t r o d u c t i o n  a  r e v i e w  was g i v e n  o f  v a r i o u s  
o p t i c a l l y  a c t i v e  s u l p h u r  co m pounds . The c o n c e p t  e iW e r g e d  t h a t  
t h e  b on d  s t r u c t u r e  o f  u n e v e n l y  t r i  s u b s t i t u t e d  s u l p h u r '  may be 
p i c t u r e d  a s  a n  i n c i p i e n t  t e t r a h e d r o n  a n d  t h a t  t h i s  i s  b o r n  o u t  
by  b o t h  p h y s i c a l  s t u d i e s  a n d  r e s o l u t i o n s .  A s t u d y  o f  p h y s i c a l  
d a t a  h a s  i n d i c a t e d  t h a t  i n  p a s s i n g  f ro m  t h e  t r i - t o  t h e  t e t r a ­
s u b s t i t u t e d  s t a t e  t h e  a p p r o x i m a t e  t e t r a h e d r a l  a n g l e s  t e n d  t o  
be p r e s e r v e d .  I f  t h i s  i s  s o , t h e n  a n  u n e v e n l y  t e t r a s u b s t i t u t e d  
s u l p h u r  compound s h o u ld  be o p t i c a l l y  a c t i v e  b u t  t h i s  p o s s i b i l i t y  
h a s  n o t  b e e n  i n v e s t i g a t e d  o w in g  t o  t h e  s y n t h e t i c  u n a v a i l a b i l i t y  
o f  w e l l  d e f i n e d  p o t e n t i a l l y  r e s o l v a b l e  com pounds.
R e c e n t l y  ajnew t y p e  o f  s t a b l e  com pound c o n t a i n i n g  
f o u r  d i f f e r e n t  g r o u p s  a t t a c h e d  t o  s u l p h u r  h a s  a p p e a r e d  on  t h e  
c h e m ic a l  s c e n e  a n d  may p e r h a p s  be d e s c r i b e d  a s  a n  u n n a t u r a l  
n a t u r a l  p r o d u c t .  I n  1946, M e l l a n b y > ( B r i t . M e d . J . . 1 9 4 6 ,  2 88 5 )  
n o t e d  t h a t  w h ea t  f l o u r  w h ic h  h a d  been  ' i m p r o v e d ' by t r e a t m e n t  
w i t h  n i t r o g e n  t r i c h l o r i d e  ( a g e n i s e d  f l o u r  ) p r o d u c e d  sym ptom s 
i n  d o g s  s i m i l a r  t o  r u n n i n g  f i t s  ; A f l o u r  w h ich  h a d  n o t  b e en  
a g e n i s e d  was n o t  t o x i c .  I f  t h e  d i e t  o f  a g e n i s e d  f l o u r  was
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c o n t i n u e d  t h e  a n i m a l s  became w orse  , d e v e l o p e d  e p i l e p i i i o r m  
f i t s  a n d  d i e d .  I n  v ie w  o f  t h e  w i d e s p r e a d  u s e  o f  a g e n i s e d  f l o u r  
i t  w as i m p o r t a n t  t o  i s o l a t e  a n d  d e t e r m i n e  t h e  n a t u r e  o f  t h e  
t o x i c  s u b s t a n c e .
By t e d i o u s  s e p a r a t i o n  t e c h n i q u e s  t h r e e  g r o u p s  o f  
w o r k e r s  i s o l a t e d  a  c r y s t a l l i n e  s u b s t a n c e  w h ic h  was t o x i c  t o  
s m a l l  a n i m a l s  a t  a  d o sa g e  o f  2mg. o r  l e s s ,  j j e n t l e y ,M c D e r m o t t ,  
W h i te h e a d  an d  M oran  , ( N a t u r e , 1950 165 1 5 0 ,)  gave  a n a l y s i s  
f o r  a n d  showed t h a t  on  h y / d r o g e n o l y s i s  ( o v e r  R aneyb 1c *0 ^
n i c k e l  ) ,o ^ - a m in o b u ty r i c  a c i d  was f o r m e d  . T hey r e g a r d e d  t h e  
t o x i c  s u b s t a n c e  a s  d e r i v e d  f ro m  m e t h i o n i n e  w i t h  t h e  a d d i t i o n  
o f  an  o xy gen  a n d  a n  im in o  g r o u p .  C o u p le d  . w i th  f u r t h e r  
d e g r a d a t i o n s  by M i s a n i ,  F a i r  a n d  R e i n e r .  (  J  .Am er. Chem. S o c .
1 9 5 0 , 7 3  459,) t h e  t e t r a s u b s t i t u t e d  s t r u c t u r e  emjrferges.
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The s u b s t a n c e  w as s t a b l e  t o  ÏÏ h y d r o c h l o r i c  a c i d  f o r  o n e  h o u r  a t
r e f l u x  b u t  24 h o u r s  r e f l u x i n g  w i t h  5H s u l p h u r i c  a c i d  l i b e r a t e d  
of
one  m o le c u le  am m onia .
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The s t r u c t u r e  f o r  t h e  t o x i c  s u b s t a n c e  a s  m e t h i o n i n e  s u l p n o x i m i n e  
d e r i v e d  f ro m  a n a l y t i c a l  a n d  d e g r a d a t i v e  e v i d e n c e  w as a c c e p t e d  
b u t  i t s  c o n f i r m a t i o n  by s y n t h e s i s  p r o v e d  v e r y  d i f f i c u l t .  
E x h a u s t i v e  s t u d i e s  w ere  made o f  t h e  d i r e c t  a c t i o n  o f  n i t r o g e n  
t r i c h l o r i d e  on  m e t h i o n i n e  a n d  s im p le  m e t h i o n i n e  p e p t i d e s n  b u t  
no f o r m a t i o n  o f  t o x i c  s u b s t a n c e  was d e t e c t e d .
I n  m o d e l  e x p e r i m e n t s  B e n t l e y  a n d  W h i t e h e a d , 1 9 5 0 ,2 0 8 1  
r e t u r n e d  t o  t h e  e a r l i e r  a t t e m p t s  o f  t h e  t h e o r e t i c a l  c h e m i s t s  
( C l a r k e ,  K enyon  a n d  P h i l l i p s  J .  , 1 9 2 7 ,1 8 8  ) a n d  s u c c e e d e d  i n  
o b t a i n i n g  t h e  f i r s t  l a b o r a t o r y  s y n t h e t i c  s u lp h o x i m i n e  , t h e  
s i m p l e s t  mem ber, by  p e rm a n g a n a te  o x i d a t i o n  o f  S S -^ d im e th y l -  
N - t o l u e n e - p - s u l p h o n y l s u l p h i d i m i n e  f o l l o w e d  by a c i d  h y d r o l y s i s  
o f  t h e  s u l p h o x i m i d e .
™  CH, oh . m
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A t t e m p t s  w ere t h e n  made t o  e x t e n d  t h i s  r o u t e  t o  t h e  s y n t h e s i s  
o f  m e t h i o n in e  s u l p h o x i m i n e .  H o w e v e r , t h e r e  a r e  l i m i t s  t o  t h e  
e x t e n t  o f  s u l p h i d i m i n e  f o r m a t i o n  a n d  m e t h i o n i n e ^ l i k e  o t h e r  
h e a v i e r  s u b s t i t u t e d  s u l p h i d e s  , d o e s  n o t  fo rm  o n e ;  W i th  
e q u i m o l e c u l a r  q u a n t i t i e s  o f  c h l o r a m i n e - T , m e t h i o n i n e  s u l p h o x i d e  
i s  fo rm e d  a n d  i n  t h e  p r e s e n c e  o f  e x c e s s  f u r t h e r  o x i d a t i o n  a t
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th e  (/- -carbon o cc u r s ,
iv
An a l t e r n a t ^  p r e p a r a t i o n  o f  s u l p h i d i m i n e s  h a s  b e en  
d e s c r i b e d  by T a r b e l l  an d  W e a v e r , (  J . A m er. C hem .S oc. » 1 9 4 1 ,  6 3  2 9 3 9 , )  
w h ic h  i n v o l v e s  c o n d e n s a t i o n  o f  a  s u l p h o x i d e  w i th  t h e  s u l p h o n a m i d e ,  
i n  p r e s e n c e  o f  a c i d i c  d e h y d r a t i n g  a g e n t s , b u t  m e t h i o n i n e  
s u l p h o x i d e  f a i l e d  t o  c o n d e n s e  w i t h  t o l u e n e - p - s u l p h o n a m i d e .
A f t e r  n u m ero u s  u n s u c c e s s f u l  a t t e m p t s  B e n t l e y  a n d  
C O - w o r k e r s /  N a t u r e .  1950, 165 7 3 5 , )  e v e n t u a l l y  a c h i e v e d  t h e  
l a b o r a t o r y  s y n t h e s i s  o f  m e t h i o n i n e  s u l p h o x i m i n e  by  t h e  a c t i o n  
o f  h y d r a z o i c  a c i d  on  m e t h i o n i n e  s u l p h o x i d e  i n  p r e s e n c e  o f  
s u l p h u r i c  a c i d  u n d e r  t h e  c o n d i t i o n s  o f  t h e  S c h m id t  r e c t i o n .
T h i s  s y n t h e s i s  was a l s o  d e s c r i b e d  s i m u l t a n e o u s l y  by  t h e  
R e i n e r  g ro u p  ( A r c h .  B io  c h e m . . 1950 . 27 234  ) who l a t e r  
e x t e n d e d  t h e  r o u t e  t o  i n c l u d e  t h e  p r e p a r a t i o n  o f  d i a m y l  , 
d i p h e n y l ,  m e th y l  p - t o l y l  a n d  m e th y l  p - n i t r o p h e n y l  s u l p h o x i m i n e s .
The i d e n t i t y  o f  t h e  s y n t h e t i c  3 ^ -m e th io n in e  
s u lp h o x im in e  w i t h  t h e  i s o l a t e d  t o x i c  s u b s t a n c e  was show n by 
m e l t i n g  p o i n t  , m ix e d  m e l t i n g  p o i n t  , R f ,  v a l u e s  o f  p a p e r  
c h ro m a to g ra m s  i n  f o u r  s o l v e n t s ,  e l e m e n t a r y  a n a l y s i s  a n d  
c h a r a c t e r i s t i c  t o x i c i t y .
The s t r u c t u r e  o f  t h e  p r o d u c t  o f  t h i s  s y n t h e t i c  
r o u t e  a s  a  t e t r a s u b s t i u t e d  s u l p h u r  d e r i v a t i v e  was c o n f i r m e d
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by B e n t l e y  a n d  c o - w o r k e r s  when t h e  s u lp h o x im in e  o b t a i n e d  by 
r e a c t i n g  d i m e t h y l  s u l p h o x i d e  w i t h  h y d r a z o i c  a c i d  was shown t o  
be i d e n t i c a l  w i t h  t h e  a c i d  h y d r o l y s i s  p r o d u c t  o f  S S - d i m e t h y l -  
N - t o l u e n e - ^ - s u l p h o n y l s u l p h o x i m i n e .
3 N_80gCgH^.OH^(p)
S = N -S O  C H . OH (p ) -0 >  S ^
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E x a m i n a t i o n  o f  I n f r a - r e d  s p e c t r a  o f  s e v e r a l  
s u l p h o x i m i n e s  h a s  s u p p o r t e d  t h e  p r o p o s e d  s t r u c t u r e  b u t  c e r t a i n  
a n o m a l i e s  a p p e a r e d  w h ich  m e r i t  d i s c u s s i o n .  I n  a  more d e t a i l e d  
a c c o u n t  o f  t h e  i s o l a t i o n  o f  t h e  t o x i c  s u b s t a n c e  B e n t l e y ,M c D e r m o t t ,  
P a c e ,M o r a n  a n d  W h i t e h e a d . . (  P r o c . R o y . S o c . , 19 50 , B137 402) c o n s i d e r e d  
t h e  t e t r a s u b s t i t u t e d  s u l p h u r  a s  a jp o s s ib le  a s y m m e tr ic  c e n t r e , a n d  
t h a t  t h e  t o x i c  s u b s t a n c e  , i f  t h e  1 - m e t h i o n i n e  c e n t r e  i s  n o t  
r a c e m i z e d  d u r i n g  t h e  i s o l a t i o n  , w ould  be a  m ix t u r e  o f  two 
d i a s t e r e o i s o m e r i d e s  . C r y s t a l l i s a t i o n  o f  t o x i c  s u b s t a n c e  p i c r a t e
gave  tw o  f r a c t i o n s .
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T o x ic  S u b s t a n c e .  X. m .p .2 3 4 °
p i c r a t e  f r a c t i o n a t i o n  an d  t h e n  
r e c o n v e r t e d  t o  b a s e s .
A. m .p .2 4 8  B. m .p .  234^
The e l e m e n t a r y  a n a l y s i s  an d  R f .  v a l u e s  w ere  i n d i s t i n g u i s h a b l e  
from  X. b u t  f r a c t i o n  A* was v e r y  much m ore t o x i c  t h a n  B. The 
I n f r a - r e d  s p e c t r a  ( S h o r t  a n d  Thompson , N a t u r e .  1950 1 ^  51 4 ;
J . ,  1 9 5 1 ,1 7 4 6 .  ) o f  f r a c t i o n  A. a n d  s y n t h e t i c  ^ - m e t h i o n i n e  
s u l p h o x i m i n e  w ere  i d e n t i c a l  , c o n f i r m i n g  t h e  s t r u c t u r e  , and  
th e  s p e c t r u m  o f  s y n t h e t i c  s u lp h o x im in e  f r o m  ^ - m e t h i o n i n e  
s u l p h o x i d e  o n l y  d i f f e r e d  i n  s m a l l  d e t a i l s , e x p e c t e d  o f  s u c h  
i s o m e r s , b u t  t h e  s p e c t r a  o f  B. show ed m a rk e d  d i f f e r e n c e s  f ro m  A. 
The s p e c t r o s c o p i s t s  c o n c lu d e d  t h a t  t h e  " e x a c t  n a t u r e  o f  f r a c t i o n  
B. i s  u n d e c i d e d  " ,  a n d  B e n t l e y  a n d  c o - w o r k e r s  s t a t e d  t h a t  t h e  
d i f f e r e n c e s  i n  s p e c t r a  b e tw e e n  A. and  B. " a p p e a r s  t o  be  g r e a t e r  
t h a n  c a n  be  a c c o u n t e d  f o r  on  t h e  b a s i s  o f  s t e r e o i s o m e r i s m  a n d  i t  
w ou ld  a p p e a r  t h a t  s e p a r a t i o n  e f f e c t e d  by  p i c r a t e s  c a n n o t  be 
c o n s i d e r e d  s o l e l y  a s  a  p a r t i a l  r e s o l u t i o n  o f  d i a s t e r e o i s o m e r s .  " 
F rom  t h e  d a t a  a v a i l a b l e  i t  i s  d i f f i c u l t  t o  a s s e s s  
t h e  s t e r e o c h e m i c a l  s i g n i f i c a n c e  o f  t h i s  w ork . L a v in e , ( J .  B i o l . 
S h e m . , 1 9 4 7 ,4 7 7 .  )  h a s  d e s c r i b e d  t h e  s e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  
j . - m e t h i o n i n e  s u l p h o x i d e  s .  He e x te n d e d  some u n p u b l i s h e d  r e s u l t s  o f  
T o e n n i e s  a n d  K o l b  who o b t a i n e d  a  s h a r p  s e p a r a t i o n  o f  t h e  
s u l p h o x i d e  o f  ^ - m e t h i o n i n e  a s  t h e  p i c r a t e s .  E ach  f r a c t i o n  was
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o p t i c a l l y  i n a c t i v e  a n d  t h . e r e f o r e  c o n s i s t e d  o f  t h e  two p o s s i o l e
r a c e m a t e s  . L a  v i n e  o x i d i z e d  _ l - m e th io n in e  t o  t h e  s u i j à o x id e  [m] ^ + 2 4 .8
a n d  s u c c e e d e d  i n  s e p a r a t i n g  t h e  a c t i v e  s u l p h o x i d e s  a s  t h e i r
p i c r a t e s  h a v i n g  [m] ^  + 1 6 3 .5 °  a n d  [m]  - 1 1 8 . 4 °  . T r e a tm e n t
w i t h  c h l o r a m i j i e —T d e s t r o y e d  t h e  m e t h i o n in e  c e n t r e  o f  a sy m m e try
o
a n d  r o t a t i o n s  w e re  o b t a i n e d  o f  +145 a n d  -1 4 2  a t t r i b u t e d  t o  
t h e  s u l p h o x i d e  g r o u p .
T h i s  a n a l o g o u s  w ork  i s  i l l u s t r a t i v e "  o f  t h e  p r i n c i p l e  
t h a t  a  m o l e c u l e  c o n t a i n i n g  two u n l i k e  a s y m m e tr ic  c e n t r e s  c a n  
e x i s t  i n  two i n a c t i v e  a n d  f o u r  a c t i v e  f o r m s .  I n  v i e w  o f  t h e  
d r a s t i c  c o n d i t i o n s  u s e d  i n  t h e  s e p a r a t i o n  o f  t h e  t o x i c  s u b s t a n c e  
i t  s e e m s  l i k e l y  t h a t  t h e  m r t h i o n i n e  c e n t r e  c o u ld  w e l l  be 
r a c e m i z e d  o r  p a r t i a l l y  r a c e m i z e d .  The n a t u r e  o f  t h e  s e p a r a t i o n  
e f f e c t e d  b y  p i c r a t e  f r a c t i o n a t i o n  c o u ld  t h e r e f o r e  be c l a r i f i e d  
by e x a m i n a t i o n  o f  o p t i c a l  a c t i v i t y  . No r o t a t i o n a l  e v id e n c e  
h o w e v e r  h a s  b e e n  d i s c l o s e d .  R e in e r  a n d  c o - w o r k e r s  ( T r a n s . Amer. 
A s s o c .  C e r e a l  C h e m i s t s  , 1 9 5 1 ,  2   ^ ) w ere  u n a b le  t o  s e p a r a t e
t h e i r  t o x i c  s u b s t a n c e  i n t o  two p i c r a t e  f r a c t i o n s  an d  a l s o  f o u n d  
t h a t  t h e  s u l p h o x i m i n e s  p r e p a r e d  ( h y d r a z o i c  a c i d  ) f ro m  
J ^ - m e t h i o n i n e - ^ - s u l p h o x i d e  a n d  _ l - m e t h i o n i n e - ^ s u l p h o x i d e  h a d  
i d e n t i c a l  r o t a t i o n s  , m e l t i n g  p o i n t s  a n d  t o x i c i t i e s .
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I t  may be  s a i d  t h e n  t h a t  t h e  w ork  e m a n a t i n g  f r o m  t h e  i s o l a t i o n
o f  t h e  t o x i c  s u b s t a n c e  d o e s  n o t  p r o v i d e  a  c l e a r - c u t  
d e m o n s t r a t i o n  o f  o p t i c a l  a c t i v i t y  b u t  sh o w ed  t h a t  u n e v e n l y
t e t r a s u b s t i t u t e d  s u l p h u r s  e x i s t  a s  s t a b l e  com p o u n d s  a n d  t h e
g a p  i s  b r i d g e d  b e tw e e n  t h e  r e s o l v e d  t r i s u b s t i t u t e d  a n d  t h e
p o t e n t i a l l y  r e s o l v / a b l e  t e t r a s u b s t i t u t e d *
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The s y n th e s is  o f  an unsym m etrica l su lp h o x im id e .
The f i r s t  m em ber o f  a  new  c l a s s  o f  s u l p h u r  com po und , 
d i m e t h y l  s u l p h o x i m i n e  , w as  p r e p a r e d  b y  p e r m a n g a n a t e  o x i d a t i o n  
o f  8 S - d i  me t h y l - N - t o l u e n e - p - s u l p h o n y l  s u l p h i d i m i n e  t o  8 8 - d i m e t h y l -  
^ - t o l u e n e - ^ - s u l p h o n y l s u l p h o x i m i n e  , f o l l o w e d  by  a c i d  h y d r o l y s i s #
+ A s  p a r t  o f  a  s t u d y  o f  t h e  r e a c t i o n s  o f  a n  o p t i c a l l y  a c t i v e  
c h l o r a m i n e - T ,  t h e  s y n t h e s i s  a n d  p r o p e r t i e s  o f  v i i i c h  . h a v e  b e e n  
d e s c r i b e d  i n  s e c t i o n  I ,  i t  s e e m e d  o f  i n t e r e s t  t o  a t t e m p t  i t s  
c o n v e r s i o n  t o  t h e  s u l p h o x i m i d e  o f  a  m ix e d  s u l p h i d e , i n  o r d e r  t o  
i n v e s t i g a t e  p o s s i b l e  i s o m e r i s m  o f  t h e  dC-AS* a n d  4C*_1S* t y p e  
s u g g e s t e d  b y  t h e  f o l l o m n g  f a c t s .
C l a r k e ,  K en y o n  a n d  P h i l l i p s , ( _ J . , 1 9 2 7 , 1 8 8 ) h a v e  e x p r e s s e d  
t h e  v i e w  t h a t  t h e  s u l p h o x i d e  b o n d  a n d  t h e  s u l p h u r - n i t r o g e n  l i n k  
i n  t h e  s u l p h i  d i  m i n e s  a r e  s t e r e o c h e m i c a l l y  a n a l o g o u s  . T h i s  
a n a l o g y  i s  f u r t h e r e d  by  t h e  i s o l a t i o n  o f  t w  f o r m s  o f  t h e  
s u l p h i d i m i n e  s u l p h o x i d e  a n d  t h e  d i  s u l p h i d i m i n e ,  a s  w e l l  a s  tw o 
f o r m s  o f  t h e  d i  s u l p h o x i d e  o f  1 : 4 - d i t h i a n , r e p o r t e d  b y  B e l l  a n d  
B e n n e t t , ( _ J . , 1 9 2 7 , 1 7 9 8 ;  1 9 2 8 , 9 2 . ) On o x i d a t i o n  s u l p h o x i d e s  g i v e  
s u l p h o n e s  f o r  w h ic h  p h y s i c a l  d a t a  i n d i c a t e  a n  a p p r o x i m a t e l y  
t e t r a h e d r a l  a r r a n g e m e n t  o f  b o n d s .  On v a e  b a s i s  o f  t h e s e  
o b s e r v a t i o n s  i t  i s  r e a s o n a b l e  t o  a s s u m e  t h a t  a d d i t i o n  o f  a n
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o x y - s u l p h u r  b o n d  t o  t h e  s u l p h i d i m i n e  w o u ld  g i v e  a n  a p p r o x i m a t e l y
t e t r a h e d r a l  b o n d  s t r u c t u r e *
S i n c e  C l a r k e ,  K e n y o n  a n d  P h i l l i p s , ( j J * , 1 9 2 7 ,  1 8 8 ,)
r e c o r d  t h a t  b r e a k d o w n  o c c u r r e d  on  a t t e m p t e d  o x i d a t i o n  o f  t h e i r
m ix e d  s u l p h i d i m i n e ,  m o d e l  e x p e r i m e n t s  w i t h  c h l o r a m i n e - T  w ere
f i r s t  t r i e d .  T he  m ix e d  s u l p h i d e  c h o s e n  w as p - n i t r o p h e n y l m e t h y l  
iv*
a s  t h e  a l t e r n a t e  p r e p a r a t i o n  o f  i t s  s u l p h o x i m i n e  by  t h e  h y d r a z o i c  
a c i d  r o u t e  h a s  b e e n  d e s c r i b e d .  ( M i s a n i ,  P a i r  a n d  R e i n e r ,  J . A m er. 
C h e m .S o c . , 1951 7 3  459 ) .
C h l o r a m i n e - T  a n d  p - n i t r o p h e n y l m e t h y l  s u l p h i  de  w ere  
r e a c t e d  i n  warm a q u e o u s  e t h a n o l .  C r y s t a l l i s a t i o n  g a v e  some 
s i x t y  p e r - c e n t  a s  a  l e s s  s o l u b l e  f r a c t i o n  w h ic h  a n a l y s e d  f o r  
t h e  s u l p h i d i m i n e .  F r a c t i o n a t i o n  o f  t h e  m o t h e r - l i q u o r  y i e l d e d  
t o l u e n e - p - s u l p h o n a m i d e  a n d  some t w e n t y  p e r - c e n t  o f  t h e  
s u l p h o x i d e .  T he  p r e p a r a t i o n  o f  t h e  s u l p h i d i m i n e  w as a l s o  
e f f e c t e d  by t h e  r o u t e  o f  T a r b e l l  a n d  W e a v e r ,  ( J . A m er. Chem. S o c . , 
1 9 4 1 ,  6 3  2 9 3 9 , )  Vlhen t o l u e n e - ^ - s u l p h o n a m i d e  a n d  p - n i t r o p h e n y l -  
me t h y l  s u l p h o x i d e  w ere  r e f l u x e d ,  i n  c h l o r o f o r m ,  i n  p r e s e n c e  o f  
p h o s p h o r u s  p e n t o x i d e ,  i d e n t i c a l  m a t f e r i a l  v/as o b t a i n e d .  The 
s t r u c t u r e  w as a l s o  c o n f i r m e d  b y  a c i d  h y d r o l y s i s  w h ic h  g a v e  
a  n e a r l y  q u a n t i t a t i v e  y i e l d  o f  t o l u e n e - p - s u l p h o n a m i d e  a n d
7 0
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p - n i t r o p h e n y l m e t h y l s u l p h o x i d e .  The a n a l y t i c a l  d a t a  a n d  a l t e r n a t e  
s y n t h e s i s  c o n f i r m  t h a t  t h e  d e a c t i v a t i n g  n i t r o - g r o u p  d o e s  n o t  
i n h i b i t  t h e  n o r m a l  s u l p h i d i m i n e  f o r m a t i o n .  The I n f r a - r e d  
s p e c t r u m  w as s i m i l a r  t o  t h a t  o f  t h e  d i m e t h y l  a n a l o g u e  a n d  a l s o  
t h a t  o f  t h e  n - p r o p y l p h e n y l  a n a l o g u e .  ( T a r b e l l  a n d  M c C a l l , J . A m er. 
C h e m . S o g . , 1 9 5 2 ,  1 2 , 4 8  )
P e r m a n g a n a t e  o x i d a t i o n  o f  t h i s  m ix e d  s u l p h i d i m i n e  w as 
a t t e m p t e d  u n d e r  c o n d i t i o n s  b a s e d  on  t h o s e  s u c c e s s f u l  i n  t h e  
c a s e  o f  t h e  d i m e t h y l  a n a l o g u e .  When a  m i x t u r e  o f  t h e  s u l p h i d i m i n e  
a n d  a  s l i g h t  e x c e s s  o f  a q u e o u s  a l k a l i n e  p e r m a n g a n a t e  w e re  h e a t e d  
f o r  f i v e  m i n u t e s  o n  t h e  s t e a m - b a t h  some n i n e t y  p e r - c e n t  o f  
s t a r t i n g  m a t e r i a l  w as  r e c o v e r e d .  The r e a c t i o n  r e p e a t e d  i n  
a q u e o u s  a c e t o n e  s o l u t i o n  l e d  t o  a n  i n i t i a l l y  v i g o r o u s  r e a c t i o n  
w h ic h  r a p i d l y  s u b s i d e d , a n d  a g a i n  a  t o t a l  h e a t i n g  p e r i o d  o f  
f i v e  m i n u t e s  w as  g i v e n .  The w o rk -u p  w as h i n d e r e d  b y  t a r r y  
p r o d u c t s  b u t  c r y s t a l l i n e  m a t e r i a l , i d e n t i f i e d  a s  s t a r t i n g  
m a t e r i a l  a n d  t o l u e n e - p - s u l p h o n a m i d e , w a s  i s o l a t e d .
S i m i l a r  e x p e r i e n c e s  o n  a t t e m p t e d  o x i d a t i o n  o f  q u i t e  
s i m p l e  m ix e d  s u l p h i d i m i n e s  w e re  d e s c r i b e d  by  B e n t l e y  a n d  
W h i t e h e a d  , i n  a  l a t e r  p a p e r  ( £ . , 1 9 5 2 , 1 5 7 2  ) . ,  a n d  i t  a p p e a r s
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t h a t  o x i d a t i o n  t o  t h e  s u lp h o x im id e  , f o l l o w e d  by a c i d  h y d r o l y s i s  , 
i s  n o t  a  g e n e r a l  r o u t e  t o  s u lp h o x im in e s .
D u r in g  t h e  p r e p a r a t i o n  o f  s u lp h o x im in e s  i t  i s  o b s e r v e d  
t h a t  a f t e r  t h e  h y d r a z o i c  a c i d  r e a c t i o n  , t h e  s u lp h o x im in e  i s  
f o u n d  i n  t h e  a c i d  f r a c t i o n  , an d  t h e  c h lo r o f o r m  e x t r a c t  
c o n t a i n s  m a in ly  u n r e a c t e d  s u l p h o x i d e .  T h i s  i n d i c a t i o n  o f  b a s i c  
p r o p e r t i e s  l e d  up to  t h e  s y n t h e s i s  o f  t h e  o x i d a t i o n  p r o d u c t  ,  
w h ich  v^as e v e n t u a l l y  p r e p a r e d  by  a  sm ooth  c o n d e n s a t i o n  o f  
t o l u e n e - ^ - s u l p h o n y l c h l o r i d e  w i th  t h e  su lp h o x ir rd n e  , i n  d ry  
p y r i d i n e  , on t h e  s t e a m - b a t h  f o r  t h i r t y  m in u te s  , r e a c t i o n  
c o n d i t i o n s  t y p i c a l  o f  th e  t o s y l a t i o n  o f  a  weak b a s e .
n i t r o p h e n y l - 8 - m e  t h y l  -N -  t o l u e n e  s u lp h o  n y l  s u l p h o x i  mi ne was
o b t a i n e d  a s  a  n e u t r a l  s t a b l e  compound m . p . 2 0 3 -2 0 4 ° .  The I n f r a - r e d  
sp e c tru faw as  s i m i l a r  t o  t h a t  o f  th e  d i m e t h y l  a n a lo g u e  c o n f i r m in g  
t h e  s t r u c t u r e .
_ _  ^ « 3 ,  /
p y r i d i n e  ^
(p )m g .C g H ^  m  Cl.SOg.CgH^.CHgCp) (p)N02.CgH^ N.SOg.CgH^.OHgCp) 
The a c i d  s t a b i l i t y  o f  t h e  s u lp h o x im in e  ( T h i s  r e m a r k a b le  
s t a b i l i t y  i s  i l l u s t r a t e d  by t h e  o b s e r v a t i o n  o f  C a m p b e ll ,  Work 
a n d  M e lla n b y  , f N a t u r e , 1950, 1 6 5 <>345) t h a t  t r e a t m e n t  o f
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t o x i c  s u b s ta n c e  f o r  48 h o u r s  w i th  6N h y d r o c h l o r i c  a c i d  a t  1 iO°
d i d  n o t  c o m p l e t e ly  d e s t r o y  t h e  s u lp h o x im in e  s t r u c t u r e  ) i s  shown
6by t h e  c o u rs e  o f  h y d r o l y s i s  o f  t h e  s u lp h o x im id e  . W heras t h e  
s u l p h i d im i n e  was c l e a v e d  t o  s u lp h o x id e  a n d  t o l u e n e - p - s u l p h o n a m i d e ,  
a c i d  t r e a t m e n t  o f  t h e  s u lp h o x im id e  gave o v e r  e i g h t y  p e r - c e n t  
r e c o v e r y  o f  t h e  f r e e  s u l p h o x i m i n e , i d e n t i c a l  w i th  a n  a n a l y t i c a l  
s p e c im e n .
7 3
The sy n th e s is  o f an o p t ic a l ly  a c t iv e  unsymmetrical Sulphoximide
The m odel e x p e r i m e n t s  c o n f i rm e d  th e  p r e v i o u s
o b s e r v a t i o n s  o f  t h e  i n s t a b i l i t y  o f  s u l p h i  d i  m in e s  o f  m ix ed
s u l p h i d e s  , b e a r i n g  more c o m p lex  s u b s t i t u e n t s  t h a n  d im e t h y l  ,
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u n d e r  o x i d i s i n g  c o n d i t i o n s  . The a l t e r n a t e  p r e p a r a t i o n  by 
c o n d e n s a t i o n  o f  t h e  s u lp h o n y l  c h l o r i d e  w i t h  th e  s u lp h o x im in e  
p r o c e e d e d  s m o o t h t l y  g i v i n g  a  compound w i t h  t h e  e x p e c t e d  
p r o p e r t i e s  an d  m e r i t e d  f u r t h e r  s t u d y .  C o n d e n s a t io n  o f  t h e
o p t i c a l l y  a c t i v e  4 - (  3 - m e n t h y l ) - b e n z e n e  s u lp h o  n y l  c h l o r i d e
j- ^ 2 4 ^
■^5461 ( p r e p a r e d  f ro m  t h e  o p t i c a l l y  p u re  s t r y c h n i n e
s a l t  d e s c r i b e d  i n  p a r t  I  ) w i t h  p - n i t r o p h e n y l m e t h y l  s u lp h o x im in e
^ r- 1 24 ^
i n  h o t  d r y  p y r i d i n e  gave a  p r o d u c t  m .p . 1 3 3 -1 3 6 °  + 3 4 .0 °
The s p e c i f i c  r o t a t o r y  pow er was un ch an g ed  on  s t a n d i n g  f o r  24 
h o u r s  i n  c h lo r o f o r m  a t  room t e m p e r a t u r e ,  c h a n g e s  i n  r o t a t i o n  
w ere o b t a i n e d  by r e p e a t e d  r e c r y s t a l l i s a t i o n  fro m  m e th a n o l  o r  a c e t i c  
a c i d  and  i t  became a p p a r e n t  t h a t  th e  l e s s  s o l u b l e  f r a c t i o n s  
w ere o f  a n  e n h a n c e d  l a e v o  r o t a t i o n .  E v e n t u a l l y  t h e  l e s s  s o l u b l e  
fo rm  o f  t h e  d i a s t e r e o i s o m e r i d e  s e p a r a t e d  f ro m  me th a n  o j. - c h r o  r o i  o rm .
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D i s t i n c t i v e  c r y s t a l / s  i n  t n e  f o r m - o f  t i i i o k  Jaexagonar p l a t e s
r r  1 ^^ os e p a r a t e d  b u t  h a v i n g  150^ , - 1 2 4
u n c h a n g e d  by f u r t h e r  c r y s t a l l i s a t i o n ,  i n t e r m e d i a t e  c r o p s  
s e p a r a t e d  a s  s h e a v e s  o f  n e e d l e s  , t h e  m e l t i n g  p o i n t s  o f  v\hich
l a y  on a  s h a l lo w  e u t e c t i c  w i t h  t h e  i n i t i a l  m a t e r i a l  a s  minimum.
/
S y s t e m a t i c  f r a c t i o n a t i o n  o f  t h e  m o t h e r - l i q u o r s  gave a n  e x tre m e
19 -t19
c ro p  m .p . 1 0 8 -1 4 0 ° )  + 1 7 1 .9 ° ,  +138° . The I n f r a - r e d
s p e c t r a  o f  t h e  e x t r e m e  fo rm s  w ere a lm o s t  i d e n t i c a l  a n d  s t r o n ^ y
r e s e m b le d  th e  s p e c t r a  o f  t h e  m odel compound and  t h e  d im e th y l
a n a l o g u e .
The r e s u l t s  o b t a i n e d  by r e p e a t e d  r e c r y s t a l l i s a t i o n  
o f  t h e  s u s p e c t e d  d i a s t e r e o i s o m e r i d e  g iv e  a  s t r o n g  i n d i c a t i o n  
o f  a sy m m etry  a t  t h e  t e t r a s u b s t i t u t e d  s u l p h u r  a tom . The m o la r  
r o t a t i o n s , c a l c u l a t e d  i n  t h e  u s u a l  m an ner ,  f o r  t h e  s u l p h u r  g roup  
a r e  n u m e r i c a l l y  l a r g e  . The l e s s  s o l u b l e  fo rm  i s  c o n s i d e r e d  
o p t i c a l l y  p u re  b u t  t h e  r o t a t i o n  d a t a  s u g g e s t -  an  o p t i c a l  p u r i t y  
o f  some n i n e t y  p e r - c e n t  f o r  t h e  more s o l u b l e  f r a c t i o n . A l l  a t t e m p t s  
to ^  f i n d  a  s o l v e n t  i n  w hich t h e  s o l u b i l i t y  c h a r a c t e r i s t i c s  were 
r e v e r s e d  were u n s u c c e s s f u l .
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Degradation o f  a c t iv e  SulphoximideSo
F r a c t i o n a t i o n  o f  t h e  m e n th y l  s u lp h o x im id e  p ro d u c e d  
f o rm s  h a v in g  v e r y  d i f f e r e n t  r o t a t i o n s .  I n  o r d e r  t o  a c c o u n t  f o r  
t h i s , c a l c u l a t i o n  o f  t h e  r o t a t o r y  c o n t r i b u t i o n  f o r  t h e  s u l p h u r  
g ro u p  s u g g e s t s  a  v a lu e  o f  - 4 5 4 °  i n  t h e  o p t i c a l l y  p u r e  fo rm  
i s o l a t e d .
H y d r o l y s i s  o f  t h e  l a e v o  s u lp h o x im id e  was f i r s t
e f f e c t e d  by h e a t i n g  w i th  c o n c e n t r a t e d  s u l p h u r i c  a c i d  f o r  f i v e
m in u t e s  on t h e  s t e a m - b a t h .  The n e u t r a l i s e d  s o l u t i o n  was
e v a p o r a t e d  t o  d r y n e s s  and  e x t r a c t e d  w i t h  b e n z e n e .  The r e s u l t a n t
s o l i d  was i d e n t i f i e d  a s  t h e  s u lp h o x im in e  by  s o l u b i l i t y
c h a r a c t e r i s t i c s  , m e l t i n g  a n d  m ixed  m e l t i n g  p o i n t  b u t  i t
show ed no r o t a t i o n .  M e th a n o l  e x t r a c t i o n  o f  t h e  r e s i d u e  gave
t h e  a c t i v e  s u l p h o n i c  a c i d  i d e n t i f i e d  a s  t h e  s t r y c h n i n e  s a l t .
n
E x p e r im e n t s  w ere  t h e n  co jd u c ted  to  f i n d  t h e  minimum c o n d i t i o n s  
r e q u i r e d  f o r  h y d r o l y s i s .  T r e a tm e n t  o f  t h e  s u lp h o x im id e  f o r  
t w e n t y  m in u te s  a t  room t e m p e r a t u r e  w i th  c o n c e n t r a t e d  a c i d  was 
f o u n d  t o  b r e a k  t h e  su lp h o n im id o  bond b u t  a g a i n  t h e  p r o d u c t  
was s u b s t a n t i a l l y  r a c e m ic  s u lp h o x im in e .  The p o s s i b i l i t y  o f  
s u lp h o n e  f o r m a t i o n  d u r i n g  h y d r o l y s i s  was rem oved b y  p r e p a r a t i o n  
o f  a n  a u t h e n t i c  spec im en  .
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A t t e m p t s  were t h e n  made t o  r e p l a c e  t h e  s u l p h o n y l  g ro u p  by 
a c e t y l .  (C f .  S u t e r ,  "The O r g a n ic  C h e m is t r y  o f  S u l p h u r " ,  Jo h n  
W iley  a n d  s o n s .  New Y ork  ,1 9 4 5 ,  583 ) .  F i r s t l y  t h e  a c t i v e  
s u lp h o x im id e  a n d  a  s l i g h t  e x c e s s  o f  a c e t y l  c h l o r i d e  w ere  
h e a t e d  a t  50° f o r  a n  h o u r .  The s u lp h o x im id e  was r e c o v e r e d  
u n -c h a n g e d  . The m a t e r i a l  was u nchanged  by h e a t i n g  i n  a  
s o l u t i o n  o f  a c e t i c  a c i d  a n d  a c e t i c  a n h y d r i d e  , o r  s t a n d i n g  a t  
room  t e m p e r a t u r e  i n  t h i s  m i x t u r e  w i th  t h e  a d d i t i o n  o f  a  t r a c e  
o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d , b u t  when t h e  l a t t e r  m i x t u r e  was 
k e p t  f o r  two h o u r s  on th e  s t e a m - b a t h  , t h e  s u lp h o x im id e
i n i t i a l l y  -1 5 5 °  was r a c e m iz e d  t o  - 1 1 2 °  .5461
T r e a tm e n t  o f  t h e  s u lp h o x im id e  w i th  l i t h i u m  a lu m in iu m  
h y d r i d e  i n  t e t r a h y d r o f u r a n  o r  w i th  a l c o h o l i c  p o t a s s i u m  
h y d r o x i d e  gave no u s e f u l  b a s i c  p r o d u c t .
77
P a r t  I I ,  E x p e r i m e n t a l .
The p r e p a r a t i o n  o f  p - n i t r o p h e n y l m e t h y l s u l p h i d e .
W aldron  an d  R e i d , ( J . Amer. C hem ,Soc. ,1 9 2 3 , 4 5 ,2 4 0 1 ) :  Z in c k e  a n d  
L e n h a r d t , ( A n n a le n , 1 9 1 3 ,4 0 0 , 1 4 ) .
£ - N i t r o c h l o r o b e n z e n e  (m .p .  8 l - 8 3 ° , l i t .  8 3 ° ,  1 5 7 .5  g . ,
1 m o l . )  was s u s p e n d e d  i n  e t h a n o l  (180  c . o . ) an d  a  s o l u t i o n  o f
9 H2P
so d iu m  d i s u l p h i d e  ( p r e p a r e d  f ro m  240 .  2 g .  Na^S.^and 32 g .  p o w d e re d  
s u l p h u r )  i n  w a t e r  (600 c . c . )  was a d d e d  d ro p w ise  w i t h  s t i r r i n g .
The r e a c t i o n  m ix t u r e  was p o u r e d  i n t o  w a t e r  ( 2 1 . ) , f i l t e r e d  a n d  
on  a c i d i f i c a t i o n  o f  th e  f i l t r a t e  t h e  c r u d e  s u l p h i d e  s e p a r a t e d  
a n d  was c o l l e c t e d .  T h is  r e s i d u e  was t a k e n  up i n  so d iu m  h y d r o x i d e  
s o l u t i o n  (500 c . c .  o f  5?^) a t  t h e  b o i l  a n d  h o t - f i l t e r e d .  The 
c l e a r  r e d  s o l u t i o n  was c o o l e d  and  on a d d i t i o n  o f  sod ium  h y d r o x i d e  
( 1 2 0  go) i n  w a t e r  (300 c . c . )  l a r g e  r e d  p l a t e s  o f  t h e  sod ium  s a l t  
o f  t h e  s u l p h i d e  s e p a r a t e d .
D im e th y l  s u l p h a t e  (24  g .  , 0 . 2  m o l . )  was g r a d u a l l y  a d d e d  
t o  a  s o l u t i o n  o f  t h e  so d iu m  s a l t  (2 8  g . , 0 .1 6  m o l . )  i n  sod ium  
h y d r o x i d e  (2 0 ^ ,  23 c . c . )  a n d  w a te r  (300  c . c . ) .  The m ix tu r e  was 
v i g o r o u s l y  sh a k e n  when a  p a l e  y e l lo w  s o l i d  s e p a r a t e d  . T h i s  was
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f i l t e r e d ,  w ashed  w i th  w a t e r ,  vacuum d r i e d  an d  c r y s t a l l i s e d  
f ro m  m e th a n o l  a s  f l a t  r e c t a n g u l a r  p l a t e s  ( 1 7 .6  g . ,6 3 ^ )  
m .p .  6 9 - 7 1 ° , ( l i t .  7 1 - 7 2 ° ) .
The p r e p a r a t i o n  o f  p - n i t r o p h e n y l m e t h y l s u l p h o x i d e .
Z in c k e  a n d  l e n h a r d t ,  (A n n a le n , 1 9 1 3 ,4 0 0 ,1 4 )
C o n c e n t r a t e d  n i t r i c  a c i d  was a d d e d  d ro p w is e  t o  a  
m ix t u r e  o f  £ - n i t r o p h e n y l m e t h y l s u l p h i d e  ( 8 . 5  g . ) a n d  n i t r i c  
a c i d  (S .G . 1 . 1 5 ,  50 c . o . )  t i l l  t h e  b o i l i n g  s o l u t i o n  c e a s e d  
t o  e v o lv e  brow n fum es . <^ooled, f i l t e r e d  , washed w i t h  w a te r  
a n d  d r i e d  t o  8 g , , m .p . 1 4 6 -1 5 0 ° .  An a n a l y t i c a l  sp e c im e n  
f ro m  b en zen e  h a d  m .p . 1 4 8 - 1 5 0 ° (Found : C , 4 5 .9 ;  H, 3 . 3 ;  N ,7 # 5 .
C a l c ,  f o r  C^H,^OglTS: C ,4 5 .4 ;  H ,3 .8 ;  N , 7 . 6 ^ ) .  Z in c k e  an d  
L e n h a r d t  ( l o c . c i t . )  g iv e  m .p .  149 ° .
S - p - n i t r o p h e n y l - S- m e t h y l - N - t o l u e n e - p - s u l p h o n y l  s u l p h i  d im in e . 
M ethod  ( i ) o
£ - N i t r o p h e n y l m e t h y l s u l p h i d e  ( 1 5 .6 5  g . , 0 .0 9 2  m o le . )  
was d i s s o l v e d  i n  e t h a n o l  (1 7 5  c . c . ) a n d  a  s o l u t i o n  o f  c h lo r a m in e .  
T (2 6  g . , 0 .0 9 2  m o le . ) i n  w a t e r  (100 c . c . )  a d d e d ,a n d  t h e  r e s u l t ­
a n t  s o l u t i o n  h e a t e d  on a  s t e a m - b a t h  f o r  one h o u r .  On s t a n d i n g
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o v e r n i g h t  p r i s m s  s e p a r a t e d  ( 1 7 .9  g # , 579^) m .p , 1 6 1 ° .  The 
a n a l y t i c a l  sp e c im e n  p r e p a r e d  f ro m  a  l a r g e  volume o f  b en zen e  
s e p a r a t e d  a s  n e e d l e s  m .p . 1 6 1 .5 - 1 6 2 °  (P o u n d :  C ,5 0 . 3 , 4 9 . 7 ; H , 4 . 1 ,  
3 . 5 ;  N , 8 . 3  . r e q u i r e s  0 , 4 9 . 7 ;  H ,4 .2 ;  N, 8 . 3 ^ , ) .
(T he  h y d ro x y s u lp h o n a m id e ,  a  p o s s i b l e  b y - p r o d u c t  , r e q u i r e s  0 ,4 7 * 2 ;  
H , 4 . 5 ;  N , 7 . 9 / 0 .
The r e a c t i o n  m o t h e r - l i q u o r  p r o v i d e d  a  c r o p  ( 3 ,1 5  g * ,
19^)  m .p . 1 4 5 -1 4 6 ° (  adm ixed  w i t h  a u t h e n t i c  s u lp h o x id e  m .m .p . was
1 4 5 - 1 4 7 ° ) .  On c o n t i n u e d  f r a c t i o n a t i o n  1 ,3 5  g , o f  p - t o l u e n e -  
s u lp h o n a m id e  ( m e l t i n g  p o i n t  an d  m ixed  m e l t i n g  p o i n t  1 3 6 -1 3 7 ° )  
was i s o l a t e d .
M ethod  ( i i ) o
T a r b e l l  an d  W eaver, ( J . Amer. Chem, S o c . , 1 9 4 1 ,6 3 ,2 9 3 9 )
£ -T o lu e n e s u lp h o n a m id e  ( 0 .8 5  g . ) ,  £ - n i t r o p h e n y l m e t h y l -  
s u l p h o x i d e  ( 0 . 9 3  g . ) an d  p h o s p h o r u s  p e n t  o x id e  (1 g .  ) were h e a t e d  
i n  d r i e d  c h lo r o f o r m  (5  c . c . )  on t h e  s t e a m - b a t h  f o r  f o j^ r ty  
m i n u t e s  , a n d  t h e n  h e a t e d  f o r  a  s i m i l a r  p e r i o d  w i t h  a  f u r t h e r  
one  gram  o f  p e n t o x i d e .  I c e  w a t e r  was a d d e d  , t h e  c h lo r o f o r m  
s e p a r a t e d  and  t h e n  e v a p o r a t e d  . The r e s i d u e  c r y s t a l l i s e d  f ro m  
e t h a n o l ,  0 . 5  g . , m .p . 1 6 0 -1 6 2 ° a n d  ad m ix ed  w i th  t h e  s u l p h i  d im in e  
p r e p a r e d  by m e th o d  ( i ) .
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The h y d r o l y s i s  o f  S- p - n i t r o p h e n y l - S - m e t h y l - N - t o l u e n e -  
p - s o l p h o n y l  s u l p h i  d i m i n e .
T a r b e l l  a n d  W e a v e r , ( l o c . o i t . )
The s u l p h i  d im !  ne ( 3  g , )  was h e a t e d  on  t h e  s te a m - b a x h  
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (10  o . c « )  f o r  t h i r t y  
m in u te s .  The s u l p h i d i m i n e  went i n t o  s o l u t i o n  a n d  s u b s e q u e n t l y  
a n  o i l  s e p a r a t e d .  A d d i t i o n  t o  t h e  w e l l  c o o le d  r e a c t i o n  m i x t u r e  
o f  sod ium  h y d r o x id e  s o l u t i o n  (25  c .C o  o f  20^) p r e c i p i t a t e d  a  
g r a n u l a r  s o l i d .  T h is  was f i l t e r e d ,  w ashed  w i th  w a t e r  and  
d r i e d  t o  1 .4 5  g * , t h e  m e l t i n g  p o i n t  o f  w hich  , 1 4 5 -1 4 7 °  was 
n o t  d e p r e s s e d  on a d m ix in g  w i th  a  sp e c im e n  o f  a u t h e n t i c  
s u l p h o x i d e .  A c i d i f i c a t i o n  ( h y d r o c h l o r i c  a c i d )  o f  t h e  f i l t r a t e  
gave  a  s o l i d  ( 1 .2 5  g . ) m .p .  137° a n d  m ixed  w i t h  £ - t o l u e n e -  
s u lp h o n a m id e .
A t te m p te d  o x i d a t i o n  o f  S - p - n i t r o p h e n y l - S - m e t h y l - N - t o l u e n e -  
p - s u l p h o n y l  s u l p h i  d im in e .
B e n t l e y  a n d  W h i t e h e a d , ( J . ,1 9 5 0 ,2 0 8 1  ; 1 9 5 2 ,1 5 7 2 )
M ethod ( i )
A m ix tu r e  o f  p ow dered  s u l p h i d im i n e  ( 3 . 5  g . , 0 .0 1  m o l e . ) ,  
p o t a s s i u m  p e rm a n g a n a te  ( 2 . 7  g . , 0 . 0 1 5  m o le . )  a n d  sod ium  h y d r o x i d e  
( 0 . 6  g . , 0 . 0 1 5  m o le . )  i n  w a te r  (2 5  c . c . )  was h e a t e d  f o r  f i v e
81
m i n u t e s  on t h e  s t e a m - b a t h  and* e f f i c i e n t l y  s t i r r e d .  Some d a r k -
I*
e n i n g  o f  t h e  p i n k  m ix tu r e  occui^ed. S u l p h u r  d i o x id e  was p a s s e d  
i n t o  t h e  m ix t u r e  an d  a  c o l o u r l e s s  s o l i d  s e p a r a t e d .  T h i s  was 
t r ^ u r a t e d  w i th  w a t e r  , so d iu m  h y d ro g e n  c a r b o n a t e  s o l u t i o n  a n d  
w a t e r .  The m a t e r i a l  ( 2 .9 5  g . ) h a d  m .p .  16 0 -1 6 2 °  a n d  adm ix ed  
w i t h  t h e  s t a r t i n g  s u l p h i d i m i n e .
M ethod  ( i i ) .
The s u l p h i d im i n e  ( 3 . 5  g . , 0 .0 1  m o le . )  a n d  sod ium  
h y d r o x i d e  ( 0 . 6  g .  , 0 .0 1 5  m o l e . )  w e r ^ d i s s o l v e d  i n  w a t e r  (2 5  c . c . )  
a n d  a c e to n e  (7 5  c . c # )  . P o w d ere d  p o t a s s i u m  p e rm a n a n a te  ( 2 .3 7  g * , 
0 .0 1 5  m o le . )  was ad d ed  i n  p o r t i o n s  , when th e  s o l u t i o n  b o i l e d
c o n s i d e r a b l e  d a r k  s o l i d  s e p a r a t e d  . The t o t a l  b o i l i n g  p e r i o d  
was f i v e  m in u t e s  . P r o t r a c t e d  p u r i f i c a t i o n  y i e l d e d  £ - t o l u e n e -  
s u lp h o n a m id e  ( 0 . 1  g . ) a n d  t h e  s t a r t i n g  s u l p h i d im i n e  ( 0 . 9  g . ) ,  
t h e  i d e n t i t y  b e i n g  p r o v e d  by m ixed  m e l t i n g  p o i n t s .
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The preparation  o f  p-nitrophenylm e th y l sulphoxim ine ♦
M i s a n i , P a i r  a n d  R e in e r ,  ( J . Amer. Chem#Soo# , 1 9 5 1 ,7 3 ,4 5 9 )
Sodium  a z i d e  ( 2 .2 1  g .  , 0 .0 3 4  m o le . )  was a d d e d  p o r t i o n -  
w is e  , i n  th e  c o u r s e  o f  f i v e  h o u r s  , t o  a  w e l l  s t i r r e d  tw o -p h a s e  
s y s te m  o f  t h e  s u lp h o x id e  o f  £ - n i  t  ro p h e n  ylme t h y l  s u l p h i d e  ( 3 .3 5  g . , 
0 . 0 1 8  m o le . )  i n  d r y  c h lo r o f o r m  (3 3  c . c . )  an d  s u l p h u r i c  a c i d ,  a t 5 0 ° ,  
( d  1 .8 4 ,  4 .6  c . C o ,  0 .1  m o l e . ) .  S t i r r e d  f o r  one h o u r  a f t e r  t h e  
a d d i t i o n  was c o m p le te d  a n d  t h e n  p o u re d  o n to  i c e .  The c h lo r o f o r m  
l a y e r  was s e p a r a t e d  and  b ack w ash ed  w i th  d i l u t e  s u l p h u r i c  a c i d .
The com bined a c i d  a q u e o u s  l a y e r  was n e u t r a l i s e d  (Na^CO^) a n d  
e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was 
c o d i s t i l l e d  w i t h , a n d  t h e n  e x t r a c t e d  t h r e e  t im e s  w i t h , b o i l i n g  
b e n z e n e .  E v a p o r a t i o n  o f  t h e  b en zene  gave  th e  s u lp h o x im in e  ( 1 . 8  g . , 
5 0 ^ )  m .p . 1 4 3 -1 4 7 ° ,  ( R e i n e r  a n d  c o - w o r k e r s  ( l o c . c i t .  ) g iv e  m .p .  1 3 9 -  
1 4 1 ° ) .  An a n a l y t i c a l  sp e c im e n  s e p a r a t e d  f ro m  m e th a n o l  a s  p a l e  
y e l l o w  p r i s m s  m .p .  1 4 6 - 1 4 7 .5 °  (Pound: G, 4 2 .5 ;  H, 3 . 7 ;  N, 1 3 .6 .  
C a l c ,  f o r  C^HgOgNgS 0 , 4 2 .0 ;  H, 4 .0 ;  N ,1 4 .0 # )
E v a p o r a t i o n  o f  t h e  c h lo r o f o r m  e x t r a c t  g av e  a  s t i c k y  
r e s i d u e ,  w hich  on  c r y s t a l l i s a t i o n  f ro m  e t h a n o l  gave  p r i s m s  ( 0 . 5 3  g., 
16^) m .p . 1 4 6 -1 4 9 °  an d  a d m ix ed  w i th  an  a u t h e n t i c  sp e c im e n  o f  
£ - n i  t  rop heny lm e  t h y l  s u lp h o x i  d e .
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S - p - n i t r o p h e n y l - S-me t h y l - N- t o l a e n e - p - s a l p h o n y l s u l p h o  x i  m ine .
The £ - n i t r o p h e n y l m e t h y l s u l p h o x i m i n e  (1*0  g . ,0 * 0 0 6  m o le .  ) 
was d i s s o l v e d  i n  w arm ,d ry  p y r i d i n e  (6  c « o * ) , a n d  £ - t o l u e n e -  
s u l p h o n y l c h l o r i d e  ( 1 ,0  g * , 0*0 05  m o le . )  a d d e d ,a n d  t h e  r e s u l t a n t  
s o l u t i o n  h e a t e d  on t h e  s t e a m - b a t h ,  i n  a n  a n h y d ro u s  a p p a r a t u s ,  
f o r  one h o u r .  The r e a c t i o n  m ix tu r e  was t h e n  p o u re d  o n t o  i c e , 
when on s t i r r i n g  a  s o l i d  s e p a r a t e d  w h ich  was f i l t e r e d  an d  w ashed  
w i t h  w a te r .  The c ru d e  s o l i d  p r o d u c t  was t a k e n  up i n  c h lo r o f o r m ,  
a n d  w ashed w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  , d i l u t e  so d iu m  c a r b ­
o n a t e  an d  w a t e r .  The r e s i d u e  , a f t e r  t h e  e v a p o r a t i o n  o f  th e  
c h lo r o f o r m ,  was c r y s t a l l i s e d  f ro m  a  m i x t u r e  o f  a c e t o n e  and  
m e th a n o l  g i v i n g  p r i s m s  ( 1 . 2 5  g * , )  m . p . 2 0 2 -2 0 4 ° .  The a n a l y t i c a l  
sp e c im e n  o b t a i n e d  fro m  a c e t o n e - c h l o r o f o r m  h a d  u n c h a n g e d  m.p* 
(F o u n d :  C, 4 8 . 4 , 4 8 . 0 ;  H , 3 . 9 , 2 . 6 ;  N, 7*5* r e q u i r e s
C, 4 7 .4 ;  H, 4 . 0 ;  N, 7 .9 ^ 0
The i n f r a - r e d  s p e c t r a £ n ( p o ta s s iu m  b rom ide  d i s c )  showed 
p r o m in e n t  b a n d s  a t  6 .6  a n d  7 . 4  P ( a r o m a t i c  n i t r o  g r o u p )  and  7 * 7 ,  
8 . 1 ,  8 . 7 ,  a n d  9*2 p  . S i m i l a r  a d s o r p t i o n  i n  t h i s  l a t t e r  r e g i o n  
w as fo u n d  i n  t h e  s p e c t r o m o f  S S - d i m e t h y l - N - t o l u e n e - p - s u l p h o n y l -  
s u lp h o x im in e .  ( D r .D .G .H .D a n i e l s  a n d  t h e  R e s e a r c h  D i r e c t o r  o f  t h e
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R e s e a r c h  A s s o c i a t i o n  o f  t h e  B r i t i s h  P l o u r - î . î i l l e r s  a r e  th a n k e d  
f o r  k i n d l y  p r o v i d i n g  s p e c im e n s  o f  t h i s  compound a n d  t h e  d i m e t h y l  
s u l p h i d i m i n e  f o r  i n f r a - r e d  c o m p a r is o n s * )
The a t t e m p t e d  p r e p a r a t i o n  o f  p - n i t r o p h e n y l m e t h y l s u l p h o x i m i n e  
p - t o l u e n e  s u l p h o n a t e .
£ - n i t  ro p h en y lm e  t h y l  s u lp h o x im in e  (0*2  g * , 0*001 m o le . )  
v/as a d d e d  to  d r y  p y r i d i n e  (2  c . c .  ) a n d  d i s s o l v e d  on w arm ing. 
£ - T o l u e n e s u l p h o n i c  a c i d  ( 0 . 2  g * , c i r c a . 0 .0 0 1  m o le . )  was t h e n  a d d e d  
a n d  h e a t e d  on t h e  s t e a m - b a t h  f o r  an  h o u r*  7/hen p o u r e d  o n to  i c e  
w a t e r  t h e ’ o n l y  p r o d u c t  v h i c h  s e p a r a t e d  a f t e r  l o n g  s t a n d i n g  was 
t h e  s u lp h o x im in e ,  m .p . 1 4 5 - I 4 8 ° a n d  a d m ix ed  w i th  a n  a u t h e n t i c  
s p e c im e n .
The h y d r o l y s i s  o f  S- p - n i t r o p h e n y l - S - m e t h y l - N - t o l u e n e - p - s u l p h o n y l -  
s u lp h o x im in e *
B e n t l e y  an d  W h ite h e a d  ( J * ,1 9 5 0 ,2 0 8 1 )
The s u lp h o x im id e  (1 * 3  g . ) was t r i t u r a t e d  w i th  c o n c ­
e n t r a t e d  s u l p h u r i c  a c i d  ( 3  c . c . )  a n d  t h e n  h e a t e d  on t h e  s t e a m -  
b a t h  f o r  f i v e  m in u t e s  g i v i n g  a  p a l e  r e d  s o l u t i o n .  T h i s  was 
c a u t i o u s l y  d i l u t e d  w i th  w a t e r  (6  c . o . )  , n e u t r a l i s e d  (Na^CO^)
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a n d  e v a p o r a t e d  t o  d r y n e s s .  The d ry  r e s i d u e  was e x t r a c t e d  t h r e e  
t i m e s  w i th  b o i l i n g  b en zen e  a n d  th e  b e n z e n e  e v a p o r a t e d  t o  a  
s o l i d  m .p ,1 4 5 -1 4 8 ° ,  m ixed m e l t i n g  p o i n t  w i th  an  a n a l y t i c a l  
sp e c im e n  o f  £ - n i  t  r o p h e n y l  me t h y l  su lp h o  x i  mi ne was 1 4 4 -1 4 7 ° .  The 
w e ig h t  o f  f r e e  s u lp h o x im in e  b a s e  was 0 , 6 5  g , ( 8 1 ^ ) ,
The p r e p a r a t i o n  o f  p - n i t r o p h e n y lm e  t h y l  s u l  p hone ,
Z in c k e  and  L e n h a r d t  (A n n a le n . 1914. 4 0 0 ,1 4 )
£ - N i  t  ro p h en y lm e  t h y l  s u l p h i d e  ( 0 ,8 5  g , ,0 1 0 0 5  m o le . )  i n  
a c e t i c  a c i d  s o l u t i o n  (5  c . c # )  was t r e a t e d  w i th  h y d r o g e n  p e r o x i d e  
( 6^W/V, 5 c . c , )  on  th e  s t e a m - b a t h  f o r  f o / r t y - f i v e  m in u te s ^  and  a f t e r  
a d d i h ê f u r t h e r  h y d ro g e n  p e r o x i d e  (1 5  c . c , ) , w a s  h e a t e d  f o r  n i n e t y  
m i n u t e s  . On s t a n d i n g  s o l i d  s e p a r a t e d  w h ich  was c r y s t a l l i s e d  
f ro m  m e th a n o l  t o  0 . 5  g . , m .p ,  1 40 -14 1°  (Z in c k e  a n d  L e n h a r d t . ( l o c , 
c i t . ) g iv e  m .p ,  1 4 1°)  . The m ixed  m e l t i n g  p o i n t  w i t h  t h e  p - n i t r o ­
p h en y lm e  t h y l  s u lp h o x im in e  ( m , p , 1 4 6 - 1 4 7 .5 ° )  was 1 3 0 -1 4 4 ° ,
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S - p - n i t r o p h e n y l - S - m e t h y I - N - [ 4 - (  3 - m e n th .y l ) - b e n z e n e s o lp h o n y l ]  -  
s u lp h o x im in e .
The £ - n i t r o p h e n y l m e t h y l s u l p h o x i m i n e  ( 2 . 3 2  g « , O . C I I 6
m o le . )  was d i s s o l v e d  i n  w a rm ,d ry  p y r i d i n e  (15  c . O o ) , a n d  th e
o p t i c a l l y  p u r e  4 - (  3-men t h y l ) - b e n z e n e  s u l p h o n y l c h l o r i d e  (From
P a r t  I . , 3 . 6 5  g .  ,0 .0 1 1 6  m o le . )  a d d e d ,a n d  th e  s o l u t i o n  , i n  an
a n h y d ro u s  a p p a r a t u s  , h e a t e d  on t h e  s t e a m - b a t h  f o r  one h o u r
a n d  th e n  p o u r e d  o n to  i c e .  On s t i r r i n g , a  p a s t y  s o l i d  s e p a r a t e d
w h ich  was t a k e n  up i n  b e n z e n e  an d  w ash ed  w i th  d i l u t e  h y d r o c h l o r i c
a c i d ,  d i l u t e  sod ium  h y d r o x i d e  an d  w a t e r .  The r e s i d u e  a f t e r
e v a p o r a t i o n  o f  t h e  b e n z e n e ,  wa,s c r y s t a l l i s e d  f ro m  m e th a n o l  a s
s h e a v e s  o f  f i n e  n e e d l e s  ( 4 g .  ,7 2 ^ )  m .p .  1 3 3 - 1 3 6 ° + 3 4 , 0 1 °
( p  1 ,1 7 6 0 ) .  The r o t a t o r y  pow er was u n a f f e c t e d  on s t a n d i n g
o v e r n i g h t  i n  c h lo r o f o r m  s o l u t i o n  a t  room t e m p e r a t u r e .  C han ges
o f  r o t a t i o n  w ere  o b s e r v e d  viien t h i s  m a t e r i a l  was r e p e a t e d l y
r e c r y s t a l l i s e d  fro m  m e t h a n o l ,  a c e t i c  a c i d , a n d  t h e s e  s o l v e n t s
ec o n t a i n i n g  tw e n ty  p e r  c e n t  o f  c h l o r o f o r m  ,  whe:^as e t h a n o l  
c r y s t a l l i s a t i o n  p ro d u c e d  l i t t l e  o r  no  chang e  i n  p h y s i c a l  
p r o p e r t i e s .  E v e n t u a l l y  a  c ro p  was o b t a i n e d  fro m  m e t h a n o l -  
c h l o r o f o m  a s  l a r g e  h e x a g o n a l  p l a t e s  m .p ,  1 4 9 -1 5 0 ° .
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T h i s  f r a c t i o n  h a d U J ^ ^ g ^  - 1 5 5 ° , - 1 2 4 °  (c  0 . 5 0 0 )  and  
t h e s e  p r o p e r t i e s  were u n a f f e c t e d  by f u r t h e r  c r y s t a l l i s a t i o n s .
(F o u n d : 0 , 5 7 . 7 ;  H ,6 .2 ;  N , 6 . 0 ;  S , 1 3 , 5 .  ^ 2 ^ 2 0 ^ 5 ^ 2 ^ 2  r e q u i r e s
0 , 5 7 , 7 ;  H , 6 . 3 ;  N ,5 .9 ;  S, 1 3 .4 /0
S y s t e m a t i c  a n d  p e r s i s t e n t  f r a c t i o n a t i o n  o f  t h e  mo t h e  r - l i  quo r  
f ro m  m e th a n o l  a n d  tw e n ty  p e r  c e n t  c h l o r o f o r m - m e th a n o l  gave a n  
e x t r e m e  c ro p  m .p .  1 3 8 -1 4 0 °  a s  s t o u t  n e e d l e s  w h ich  h a d ,
M s 461 + 138°  ( c  0 .0 9 6 )  (P ound : 0 , 5 7 . 6 ;  H ,6 .3 ;
IT, 6 . 1 ;  3 ,1 3 .1 ?^ )
The i n f r a - r e d  s p e c t r a  ( p o t a s s i u m  b rom ide  d i s c )  o f  
t h e s e  e x tre m e  fo rm s  w ere a lm o s t  i d e n t i c a l , a n d  i n  t h e  r e g i o n  
o f  7 . 5  t o  1 1 .5  p  t h e  a b s o r p t i o n  p a t t e r n  s t r o n g l y  r e s e m b le d  
t h a t  o f  8 - £ - n i t r o p h e n y l - S - m e t h y l - N - t o l u e n e - £ - s u l p h o n y l -  
s u lp h o x im in e  a n d  a l s o  S S - d i m e t h y l - W - t o l u e n e - £ - s u l p h o n y l -  
s u lp h o x im in e .
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1
The h y d r o l y s i s  o f  a c t i v e  S - p - n i t r o p h e n y l - S - m e t h y l - N -  4 - (  3-men t h y l )  
- b e n z e n e s u l p h o n y l  - s u l p h o x i m i n e .
( i )  The p u r e  a c t i v e  l a e v o  s u lp h o x im id e  ( 0 . 2 5  g , ) was
t r i t u r a t e d  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 0 . 5  c . c . )  a n d  t h e n  
h e a t e d  on  t h e s t e a m - b a t h  f o r  f i v e  m i n u t e s .  The r e s u l t a n t  p a l e  
r e d  v i s c o u s  s o l u t i o n  was c a u t i o u s l y  n e u t r a l i s e d  w i t h  sod ium  
c a r b o n a t e  s o l u t i o n  a n d  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  
p r e s s u r e .  Thee d r y  r e s i d u e  was e x t r a c t e d  t h r e e  t i m e s  w i t h  h o t  
b e n z e n e  a n d  e v a p o r a t e d  t o  a  p a l e  y e l l o w  s o l i d  ( 0 : 0 6 5  g . ) ,
m .p .  1 4 4 -1 4 7 °  a n d  ad m ix ed  w i t h  a n  a u t h e n t i c  s p e c im e n  o f  
p - n i t r o p h e n y l m e t h y l s u l p h o x i m i n e .  I t  show ed no r o t a t i o n .
The r e s i d u e  was e x t r a c t e d  w i t h  b o i l i n g  m e th a n o l ,  t h e  
m e th a n o l  e x t r a c t  e v a p o r a t e d  an d  a n  a q u e o u s  s o l u t i o n  o f  
s t r y c h n i n e  h y d r o c h l o r i d e  a d d e d .  The r e s u l t a n t  s t r y c h n i n e  s a l t  
h a d  + 1 8 ,5 4 °  ( £ 0 . 1 9 6 )  a n d  i t s  m .p .  283° was n o t  d e p r e s s e d  .
when m ixed  w i t h  a u t h e n t i c , l e s s  s o l u b l e  s t r y c h n i n e  4 - ( 3 - m e n t h y l ) -  j 
b e n z e n e  s u l p h o n a t e .  !
( i i )  The p u r e  a c t i v e  l a e v o  s u lp h o x im id e  ( 0 . 1 3  g .  ) was 
t r i t u r a t e d  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 0 . 7 5  c . c . )  t o  a  
p a l e  y e l l o w  s o l u t i o n .  A f t e r  tw e n ty  m i n u t e s  a t  room  t e m p e r a t u r e
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a d d i t i o n  o f  so d iu m  c a r b o n a t e  s o l u t i o n  p r o d u c e d  a  c l e a r  s o l u t i o n  ,  
i n  a  t e s t  p o t t i o n , s o  t h e  m ix t u r e  was p o u r e d  o n to  i c e ,  made j u s t  
a l k a l i n e  w i t h  i c e  c o o l i n g  , a n d  t h e n  a d d e d  a  s l i g h t  e x c e s s  o f  
b a r iu m  c h l o r i d e  s o l u t i o n .  The r e s u l t a n t  p r e c i p i t a t e  was f i l t e r e d ,  
a n d  t h e  f i l t r a t e  e x h a u s t i v e l y  e x t r a c t e d  w i th  c h l o r o f o r m .  
E v a p o r a t i o n  o f  t h e  c h l o r o f o r m  gave a  s o l i d  r e s i d u e  ( 0 .0 4  g . ) ,  
m .p ,  1 4 2 -1 4 5 ° ,  t h e  m ix ed  m e l t i n g  p o i n t  w i th  s u lp h o x im in e  was
1 4 6 -1 4 8 ° ,  a n d  w i t h  t h e  s u lp h o x im id e  ( m .p .  1 4 9 -1 5 0 ° )  was 1 2 6 - 1 4 9 ° ,
W  5461 - 9 " ( £ 0 . 1 6 0 ) .
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The S t e r e o c h e m i s t r y  o f  t e t r a s u b s t i t u t e d  S u lp h u r ,  
C o n c lu s io n .
I n  t h e  i n t r o d u c t i o n  t h e  s t e r e o c h e m i c a l  s i g n i f i c a n c e  o f  t h e  
c h a n g e  f ro m  t h e  c l a s s i c a l  d o u b l e  bond f o r  t h e  o x y - s u l p h u r  
a n d  r e l a t e d  com pounds , t o  t h e  s i n g l e t  d o n o r  bond was 
d i s c u s s e d .  The r e c e n t  p h y s i c a l  i n v e s t i g a t i o n s  s u g g e s t e d  
t h a t  t h e  l i n k a g e  was b e s t  r e p r e s e n t e d  a s  a  d o u b le  b o n d  » 
b u t  t h e  e x a c t  r e p r e s e n t a t i o n  o f  t h e  b o n d in g  h a s  b e e n  t h e  
s u b j e c t  o f  f u r t h e r  d i s c u s s i o n .
lAheland ("A d v a n c e d  O r g a n ic  C h e m i s t r y " ,  J o h n  
W ile y  a n d  S ons , New Y ork  , 1949 , 360 ) h a s  a d v a n c e d  a  
r e s o n a n c e  h y b r i d  f o r  t h e  s u l p h o x i d e  — 0 <4 R ^ 8 = 0  
T h i s  f o r m u l a t i o n  e x p l a i n s  t h e  o b s e r v e d  v a l u e  o f  d i p o l e  
b u t  p r o v i d e s  no s t e r e o c h e m i c a l  i n f o r m a t i o n .
M o f f i t t  , ( P r o c . R o y . S o c . , 1 95 0 , A200 409 ) h a s  
a t t e m p t e d , b y  a n  a p p r o x im a te  m o l e c u l a r  o r b i t a l  a n a l y s i s , t o  
a s s e s s  t h e  c o n t r i b u t i o n s  o f  t h e  s i n g l e t  a n d  d o u b le  bond  
f o r m s .  He fo u n d  t h a t  t h e  o x y - s u l p h u r  b o n d s  a r e  l a r g e l y  
d o u b l e  i n  c h a r a c t e r  and  t h a t  t h e  3d e l e c t r o n  o r b i t a l s  
o f  s u l p h u r  a r e  o f  im p o r t a n c e  i n  f o r m a t i o n  o f  t h e  b o n d .
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M o f f i t t » s  work g i v e s  t h e  f o l l o w i n g  s t e r e o c h e m i c a l  p i c t u r e .
•T
® (5 ® 0 ®
3 s  '0 ^  3d
S u lp h o x id e  t y p e .
' ' 0
V
® ® 0 0 0 0
38 3£_ 3d
S u lp h o n e  t y p e .
The make up o f  t h e  o x y - s u l p h u r  bond i s  c o n s i d e r e d  t o  be
a n a l o g o u s  t o  a n  e t h y l e n i c  p i '  bond . F o r  t h e  s u l p h o x i d e
t y p e  t h e  s igm a  p o r t i o n  i s  d e r i v e d  f ro m  o ne  o f  t h e  3^
e l e c t r o n s  and  t h e  p i'- bond  i s  fo rm ed  by t h e  3 ^  e l e c t r o n .
F o r  t h e  s u l p h o n e s  , a  f u r t h e r  p r o m o t io n  p r o v i d e s  two M
e l e c t r o n s  t o  fo rm  two p i  b o n d s  on t h e  s p „  s ig m a  f ra m e w o rk .
I n  t h e  c a s e  o f  s u l p h u r y l  c h l o r i d e  Nyholm a n d
G i l l e s p i e  , ( Q u a r t .R e v i e w s  , 1957 , H  352 ) comment t h a t
C l —
t h i s  m o le c u le  0 1 ^ ^ ^ 5  b a s  bo n d s  n e i t h e r
p u r e  s i n g l e n o r  p u r e  d o u b l e , b u t  h a v e  a n  i n t e r m e d i a t e  c h a r a c t e r ,  
F o r  s u c h  a  s y s te m  t h e y  s u g g e s t  t h a t  t h e  s t e r e o c h e m i s t r y  i s  
d e t e r m i n e d  s o l e l y  by t h e  num b er  o f  p a i r s  o f  s igm a e l e c t r o n s
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i n  t h e  v a l e n c y  s h e l l  and  t h a t  p i  ' e l e c t r o n s  c an  be i g n o r e d .  
The p r e d i c t i o n  t h a t  t h e  f o u r  sp „  s igm a  b o n d in g  p a i r s  w ould  
d e c i d e  t h e  s t e r e o c h e m i s t r y  i s  b o r n  o u t  by  a n  e l e c t r o n  
d i f f r a c t i o n  a n a l y s i s  v h i c h  g av e  a n  a p p r o x i m a t e  t e t r e i h e d r a l  
s t r u c t u r e .
B e n t l e y  a n d  # i i t e h e a d ,  ( J . , 1 9 5 0 ,  2081 ) s u g g e s t e d  
t h a t  t h e  p r o p e r t i e s  o f  t h e  s u lp h o x im in e  w ould  be a c c o u n t e d  
f o r  by  c o n s i d e r a b l e  r e s o n a n c e  s t a b i l i z a t i o n  w i th  e x t r e m e  
f o r m s  R . ^ 0  R. . , ,6
/ <  ** X -
The e x t e n s i o n  o f  t h e  p i  bond  t h e o r y  t o  t h i s  m o le c u l e  
i n  a n  e f f o r t  t o  o b t a i n  some s t e r e o c h e m i c a l  p i c t u r e  , d o e s  
n o t  seem u n r e a s o n a b l e  , a n d  t h e  d e m o n s t r a t i o n  o f  o p t i c a l  
a c t i v i t y  s t r e n g t h e n s  i t .
The p o s t u l a t i o n  o f  p i  b o n d in g  b e tv /een  s u l p h u r  
a n d  n i t r o g e n , a s  w e l l  a s  f o r  t h e  o x y - s u l p h u r  b o n d , o f f e r s  
an  e x p l a n a t i o n  o f  t h e  r a c e m i z a t i o n  o f  t h e  a c t i v e  f o r m s  
on  s h o r t  t r e a t m e n t  w i th  c o l d  c o n c e n t r a t e d  a c i d .  The a d d i t i o n  
t o  e t h y l e n e 8 u n d e r  su c h  c o n d i t i o n s  i s  w e l l  s u b s t a n t i a t e d .
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I t  i s  s u g g e s t e d , t h e n , t h a t  d u r i n g  t h e  c o u r s e  o f  h y d r o l y s i s
an  a d d i t i o n  may o c c u r .  
N .S O ^ .A r.
’V







s u lp h o x im in e  
s u l p h u r i c  a c i d  
s u l p h o n i c  a c i d
The h e x a s u b s t i t u t e d  s u l p h u r  d e r i v a t i v e  i s  p o s t u l a t e d  a s  a  
t r a n s i e n t  i n t e r m e d i a t e  ( w r i t t e n  a s  shown h a s  a  p l a n e  o f  
sy m m etry  ) .  T h i s  i n t e r m e d i a t e  , i t  i s  s u g g e s t e d  , w o u ld  t i i e n  
b rea k d o w n  t o  f r a g m e n t s  o f  minimum e n e r g y  c o n t e n t ,  i n  t h i s  
c a s e  t h e  s u lp h o x im in e  a n d  s u l p h o n i c  a c i d .
T h i s  a d d i t i o n  i n v o l v i n g  t h e  p a s s a g e  t o  t h e  h e x a c o v a l e n t  o r  
o c t a h e d r a l  (S F ^)  t y p e  o f  s t r u c t u r e ,  and  s u s e q u e n t  b re a k d o v ;n ,  
i t  i s  c o n s i d e r e d , c o u l d  w e l l  a c c o u n t  f o r  t h e  o b s e r v e d  
r a c e m i z a t i o n .
I t  a p p e a r s , t h e n , t h a t  t h e  r e s u l t s  o b t a i n e d  i n
i
t h i s  work may be p i c t u r e d  i n  t h e  f ra m e w o rk  o f  s igm a  
o r b i t a l s  i n t r i n s i c  i n  t h e  l a t e s t  a t t e m p t s  t o  d e s c r i b e  
t h e  n a t u r e  o f  t h e  o x y - s u l p h u r  bond . The p a s s a g e  f ro m  
t h e  i n c i p i e n t  t e t r a h e d r o n  o f  t r i s u b s t i t u t e d  s u l p h u r
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t o  t h e  o p t i c a l l y  a c t i v e  t e t r a s u b s t i t u t e d  d e r i v a t i v e s  
h a s  b e e n  a  sm o o th  o n e , b u t  t h e  a t t e m p t s  t o  o b t a i n  t h e  
a c t i v e  f r e e  s u l p h o x i m i n e s  h a v e  f o u n d e r e d  , p e r h a p s  
i n  t h e  s h a l lo w  w a t e r s  o f  t h e  h e x a s u b s t i t u t e d  s t a t e .
F u r t h e r  i n f o r m a t i o n  a b o u t  t h e  s u lp h o x im in e  
bond  s t r u c t u r e  may soon  be f o r t h c o m i n g .  H in e  an d  
R o g e r s  , ( Chem. a n d  I n d . , 1936 , 1428 ) i n  a n  i n v e s t i g a t i o n  
o f  a s y m m e tr ic  s u l p h o x i d e s , u s i n g  t h e  p o w e r f u l  l e a d i n g  
l i n e  o f  X - r a y  a n a l y s i s , h a v e  e x p r e s s e d  i n t e r e s t  i n  t h i s  
t y p e  o f  compound. I t  i s  t o  w ork  o f  t h i s  t y p e  t h a t  one  
w i l l  l o o k  i n  o r d e r  t o  c o n f i r m  t h e  them e t h a t  t h e  
o p t i c a l  a c t i v i t y  d i s c l o s e d  i n  t h i s  w ork i n d i c a t e s  t h a t  
t h e  s u lp h o x im in e  s t r u c t u r e  , l i k e  t h e  s u l p h o n e s  a n d  
s u l p h u r y l  h a l i d e s  , h a s  a  n e a r  t e t r a h e d r a l  a r r a n g e m e n t  
o f  b o n d s  a ro u n d  t h e  c e n t r a l  s u l p h u r  a to m .
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A braham s, Q u a r t . R e v ie w s , 1956, 1 ^ ,  407 
B e l l  an d  B e n n e t t ,  J . , 1 9 2 7 ,  1798; 1928 , 92
B e n t l e y ,  M cD erm ott,  P a c e ,  # i t e h e a d  a n d  M oran , W a tu re ,  19 5 0 , 165 , 150 
B e n t l e y  a n d  W h ite h e a d ,  J .  ,1 9 5 0 ,  2081
B e n t l e y ,  M cD erm ott a n d  W h ite h e a d ,  N a t u r e ,  1950 , 165 . 735
B e n t l e y ,  M cD erm ott, P a c e  an d  W h i te h e a d ,  P r o c . R o y . S o c . . 1950 , 137B, 402
B e n t l e y  a n d  W h ite h e a d ,  J . ,1 9 5 2 ,  1572
C a m p b e ll ,  Work a n d  M e l la n b y ,  N a t u r e . 1950. 165 , 345
C l a r k e ,  K enyon  a n d  P h i l l i p s ,  J . , 1 9 2 7 ,  188
H a r r i s o n ,  K enyon  an d  P h i l l i p s ,  J . , 1 9 2 6 ,  2079
H in e  a n d  R o g e r s ,  Chem. a n d l n d . . 1 9 5 6 .  1428
J a r v i s ,  A c t a . C r y s t . , 1 9 5 3 , 327
K i m b a l l ,  J . Chem. P h y s i c s . 1940, 8 , 1 8 8
Lavine, J . B i o l . Chem. ,1 9 4 7 , 477
L u t t r i n g h a u s  a n d  B u c k h o lz ,  B e r .  , 1 9 3 9 ,  72B. 2057
Mann a n d  P o p e ,  J . , 1 9 2 2 ,  1052 ; 1 9 2 4 , 911
McLean a n d  Adams, J . Am er. Chem. S o c . , 1 9 3 3 .5 5 .  4 6 8 3
M e l la n b y ,  B r i t . Med. J . .1 9 4 6 .  2 , 885
M is a n i  a n d  R e i n e r ,  A r c h . B iochem . .1 9 5 0  . 27 , 2 34
96
M is a n i ,  P a i r  a n d  R e i n e r ,  J , Am er. C hem oS oc., 1 9 5 1 , 7 ^  459 
M o f f i t t ,  P r o c . Roy. S o c . ,  1950 . 200A, 409 
Nyholm a n d  G i l l e s p i e ,  Q u a r t .  Re v i e w s , 1 9 5 7 ,H ,  352 
P h i l l i p s , H . , J . , 1925 , 2552
P h i l l i p s , G . M . , H u n t e r  a n d  S u t t o n ,  J . ,1 9 4 5 ,  146 
Pope a n d  P e a c h e y ,  J .  ,1 9 0 0 ,  1072
R â p e r ,  R e p o r t s  t o  B r i t i s h  C h e m ic a l  W a rfa re  d e p a r t m e n t ,  1917
R e i n e r ,  P o r tm an n  a n d  P a r k e r ,  T r a n s . A m er.A s s o c . C e r e a l  C h e m i s t s , 1 9 5 1 ,9 ,1
R u le  a n d  T u r n e r ,H .M . , J . ,  1935 , 319
S h o r t  a n d  Thompson, N a t u r e , 1950 , l6 6 ,  514
S h o r t  a n d  Thompson, J . ,  1951 , 1746
S m i l e s ,  J . ,  1900, 1174
T a r b e l l  a n d  W eaver, J . Amer. Chem. S o c . , 1941 , 6 3 , 2939
T o e n n ie s  a n d  K o lb ,  u n p u b l i s h e d  r e s u l t s ,  ( q u o t e d  by L a v i n e ,  l o c . c i t . )
97
F. Al, ( . ic^él.
Preprinted  from  the Journal of the C hem ical Society,
June, 1959, (432), p ages 2157—2168.
432. Chemiail Constitution and Amœbicidal Action. Part
Synthesis of an Analogue of Emetine and Two Stereoisomers of 
De - ethjlemetine.
By M. B a r a s h  and J. M. O s b o n d .
All open chain analogue (VI) of emetine has been prepared as a potential 
amœbicide. A new route to de-ethylemetine (XV) has also been developed 
which has allowed the synthesis of two stereoisomers of this base.
A l t h o u g h  challenged by antibiotics and a range of relatively simple compounds effective 
in varying degrees, emetine  ^ (VII) is still  ^ pre-eminent in the treatment of amcebiasis.^ 
Many attempts to obtain simple analogues having the same or enhanced activity have so 
far not had practical success :  ^ it appears that emetine is very specific. So we decided 
to prepare a close analogue, (VI), formally derived from emetine (VII) by fission of the 
bonds a-a  and h-h and then to utilise one of the intermediates, (II), for synthesis of de- 
ethylemetine (XV).










The starting material, 3 : 4-dimethoxyphenethyl iodide, was prepared from 3 : 4-di- 
methoxybenzyl cyanide, obtained by chlorométhylation of veratrole  ^ or from vera- 
traldehyde. Catalytic reduction of the aldehyde gave 3 : 4-dimethoxyphenethyl alcohol 
which was converted into the chloride and nitrile ; the derived ethyl ester was reduced by  
lithium aluminium hydride to 3 : 4-dimethoxyphenethyl alcohol. Alternatively vera- 
traldehdye was condensed with ethyl chloroacetate (Darzens reaction) to give ethyl 3 :4- 
dimethoxyphenylglycidate ; ® alkaline hydrolysis gave the sodium salt, which with aqueous 
oxalic acid gave 3 : 4-dimethoxyphenylacetaldehyde ® whence lithium aluminium hydride 
afforded the alcohol. The alcohol with thionyl chloride gave 3 : 4-dimethoxyphenethyl 
chloride and thence the iodide.
* Part  II , 1952, 4785.
The other starting material, ethyl 4-pyridylacetate, was prepared either from 4-acetyl- 
pyridine  ^or from 4-vinylpyridine by the Kindler modification of the W illgerodt reaction  
to give 4-4'-pyridyl(thioacetyl)morpholine (with some 4-ethylpyridine and thioaceto- 
morpholide). Alkaline hydrolysis of the morpholide gave the required acid which was 
esterified without isolation. Condensing ethyl 4-pyridylacetate with 3 : 4-dim ethoxy- 
phenethylam ine gave the amide (I). Quaternisation of this w ith 3 ; 4-dim ethoxyphen­
ethyl iodide in methanol gave the iodide (II), but reaction in benzene or without solvent 
gave a non-crystalline product having part of its iodine in non-ionic form.^^ The 
quaternary salt was reduced catalytically to the piperidine base (III). This base was also 
prepared by the route (I) — ► (IV) — (III),  which confirms its structure. In a third  
attem pt quaternisation of the 3 : 4-dim ethoxyphenethyl iodide and ethyl 4-pyridylacetate  
and reduction of the quaternary salt to ethyl I-(3 ; 4-dim ethoxyphenethyl)-4-piperidyl- 
acetate was successful, but the final step, condensation with the phcncthylam ine, gave no 
crystalline product.
The base (III) was readily cyclised by phosphorus pentachloride in chloroform or by 
phosphorus oxychloride in toluene to the dihydro/soquinoline (V), hydrogenation of which 
gave the required tetrahydrofsoquinoline (VI).
Although de-ethylem etine * (XV) has already been prepared four times,^^ it has not 
been evaluated for amœbicidal properties and only one stereoisomer has been isolated. 
The base (XV) contains three asymmetric centres, so four racemic stereoisomers are 
possible and might have interesting chem otherapeutic properties.
V
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W e first tried to oxidise the quaternary salt (II) by the well-known alkaline ferri- 
cyanide procedure to the pyridone (VIII) which could by obvious m ethods be con­
verted into de-ethylem etine (XV), but obtained only tars; there was a similar result in 
experiments with the simpler l-(3  ; 4-dim ethoxyphenethyl)-4-picolinium  iodide. Since 
this oxidation can be carried out w ith the 3-m ethylpyridinium  salt but not w ith the 
2-m ethyl isomer it appears that the reactive 2- or 4-m ethylene group is further oxidised  
possibly in the anhydro-base form. The pyridone (VIII) was later prepared by a different 
method and converted into de-ethylem etine.
Our second approach is shown in formulæ (IX) — ► (XV) ; we had in mind its adapt­
ation to the synthesis of emetine. 4-M ethyl-2-pyridone w ith 3 : 4-dim ethoxyphenethyl 
iodide in aqueous W .-b u ty l alcohol containing potassium hydroxide gave the V -substituted  
pyridone (IX ); although under alkaline conditions the V-alkylpyridone is normally 
obtained, there are several recorded cases where 0-alkylation  is the chief reaction; so, 
to confirm the structure of our compound, 2-brom o-4-methylpyridine was converted by 
3 : 4-dim ethoxyphenethyl iodide into a (non-crystalline) salt (XV II) which on mild alkaline 
hydrolysis gave the identical pyridone (IX).
This pyridone with ethyl oxalate in the presence of potassium ethoxide 16,17,20 gave the 
pyruvate ester (X). A ttem pts to oxidise the pyruvate ester or its potassio-derivative by  
alkali and hydrogen peroxide together i® were unsuccessful. It was necessary first to 
hydrolyse the ester with dilute alkali at 0° and then to add hydrogen peroxide which gave
* The name bisnoremetine, previously used, is ambiguous as it could apply to emetine with 20H 
replacing 20Me. Ed. *
a good yield of the pyridoiie-acid (XI) ; a more convenient route was to use the potassio- 
derivative of the ester (X) in this reaction. From the mother-Iiquor of the oxidation a 
small amount of the 4-methyl-2-pyridone (IX) was isolated, presumably as a result of a 
reverse Claisen reaction.
The structure of the acid (XI) was proved in two ways. The ester (X) or its potassio- 
derivative with hydroxyl amine hydrochloride gave the hydroxyimino-ester (XVIII), 
hydrolysed by alkali to the acid (X IX ), which ahorded the nitrile (XX) by pyrolysis or.
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( I X )  Me
MeOf^
MeOk^ " • t nMeO MeoL J















preferably, on treatment with acetic anhydride.^^ Hydrolysis of the nitrile (XX) with 
dilute alkali yielded the acid (XI). Secondly, the acid (XI) at its decomposition point 
lost carbon dioxide and gave the 4-methyl-2-pyridone (IX) ; this behaviour is typical of
2- and 4-pyridylacetic acids and would be expected with a similar 2-pyridone-acid. The 
m ethyl ester of acid ' (XI) was prepared both from this acid by diazomethane or from the 
nitrile (XX) by methanolic hydrogen chloride. The piperidone-acid (XII) was obtained 
by catalytic reduction of the pyridone-acid by using Adams catalyst. The structure 
of the acid (XII) was proved by cyclising its methyl ester (XXI) in toluene with  
phosphorus oxychloride to the known I : 2 : 3 : 4 : 6 : 7-hexahydrobenzo[a]quinolizinium  
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The triethylammonium salt of the 2-oxo-4-piperidylacetic acid (XII) in dimethylform- 
amide with ethyl chloroformate gave, in the usual way,^2 the ethoxycarbonyloxy-deriv- 
ative, which without isolation was treated with 3 : 4-dimethoxyphenethylamine in the 
presence of triethylamine to give the amide (XIII) in two crystalline forms, m. p. 120—  
121° and m. p. 130— 131°, which were interconvertible. This amide had previously been 
prepared by Tomitsu as a gum and, after our work was complete, Sugasawa and Oka 
reported it as having m. p. 130— 131°.
Phosphorus oxychloride in toluene effected double ring closure of the amine (XIII) 
to the quaternary compound, characterised as the iodide hydriodide (XIV) and bromide
hydrobromide, both crystalline; the ultraviolet absorption spectrum was in agreement 
with this structure.
Catalytic reduction of the iodide hydriodide was slow but com plete, and the first 
racemate of de-ethylem etine (XV ; A) separated as a crystalline dihydriodide and afforded 










(X V ; B), isolated as dihydrogen dioxalate and dihydrobromide. The structures of the 
isomers were confirmed by the ultraviolet spectrum and dehydrogenation by  mercuric 
acetate of isomer B to de-ethylrubremetinium bromide (X X III) as an orange-scarlet 
solid in good yield ; it had the characteristic ultraviolet absorption (cf. rubremetinium  
bromide .
Amœbicidal evaluation of these compounds was carried out on weanling rats infected  
with E. histolytica, by a modification of Jones’s method.^^ Under standard conditions 
emetine has CDgg of 6-25— 12-5 m g./kg.; by contrast, suitable hydrohalidc salts of bases 
(V), (VI), (XIV), and (XV, A and B) were inactive at 250, 500^ 5 x 100, 5 x 100, and 







M eO kx (XXIII)
E x p e r i m e n t a l
3 : 4i-Dimethoxybenzyl A lcohol.—Vératraldéhyde (120 g.; in. p. 43*5—45°) was hydrogenated 
in methanol in the presence of Raney nickel {ca. 10 g. in methanol) at 90° with an initial 
pressure of 50 atm., substantially completely in 2 hr. The mixture was cooled, filtered, and 
concentrated to a viscous oil which on distillation gave the alcohol (116 g., 95*5%), b. p. 112— 
120°/0*25—0*35 mm., 1*5520.
 ^ : A-Dimethoxyphenylacetonitrile.^'^—Thionyl chloride (17 c.c.) was added in 25 min. to 
3 ; 4-dimethoxybenzyl alcohol (25 g.) in benzene (20 c.c.) at 0°. After the initial reaction had 
subsided the benzene and thionyl chloride were removed under reduced pressure on the water- 
bath. The residue was refluxed in benzene {ca. 100 c.c.) with potassium cyanide (14*6 g.) in 
water (50 c.c.) for 2|- hr. with stirring. The phases were separated and the aqueous phase 
was re-extracted with benzene. The benzene extracts were dried and distilled. The residue was 
distilled to give the nitrile (16*7 g., 63%), b. p. 128—130°/0*1—0*25 mm., m. p. 60—61°.
E th yl 3 : 4,-Dimethoxyphenylacetate.—A solution of the above nitrile ® (90 g.) in dry ethanol 
(500 c.c.) was saturated with hydrogen chloride, then cooled to 0°. The nitrile which separated 
gradually redissolved to give a purple solution. The mixture was kept at 0° overnight, then 
most of the alcohol was removed under reduced pressure at 35°. Dry ether was added to the 
residue and the crystalline ethyl 3 : é-dim ethoxyphenylacetim idoate hydrochloride was collected 
and washed with dry ether; it recrystallised from cold ethanol-ether in prisms, m. p. 114*5— 
115° (Found: N, 5*7; Cl, 13*4. CigHigOgNCl requires N, 5*4; Cl, 13*7%). The salt was 
dissolved in water; after a few minutes at room temperature an oil separated and this was
extracted with ether. The aqueous solution was then kept in contact with ether for 18 hr., 
the ether extracts being separated from time to time. The ether extracts were combined, 
washed with dilute sodium carbonate solution and with water, and dried (Na^SOJ. The
residue after removal of the ether was distilled, to give the ester (94-3 g., 83%), b. p. 132—
136°/0-l—0-3 mm., 1.5192 (Found: C, 64-5; IT, 8 0. Calc, for C, 64 3; H,
7-2%).
E thyl 3 : é-D im ethoxyphenylglycidate.—A mixture of 3 : 4-dimethoxybenzaldehyde (re­
distilled; 66 4 g.) and ethyl chloroacetate (redistilled; 41 3 c.c.) was added during 4 hr. to a 
stirred solution from sodium (9-4 g.) and absolute ethanol (133*2 c.c.) at —10°. Stirring was 
continued for a further 6 hr. at room temperature. After being kept at room temperature 
overnight the mixture was poured on ice containing acetic acid {ca. 5 c.c.). The yellow solid 
was filtered and dried (PgO^ ; vac.). After several days a dry solid (81*5 g., 77*1%), m. p. 49— 
51°, was obtained. Crystallisation from ether-light petroleum (b. p. 40—60°) gave the ester 
as needles, m. p. 52*5—53*5° (Found: C, 62*1; H, 6*3. CjgHieOg requires C, 61*8; H, 6*3%).
3 : 4:-Dimethoxyphenylacetaldehyde.—The glycidic ester (12*6 g.) in ether (100 c.c.) was added 
in 15 min. to a solution from sodium (1*25 g.) in methanol (17 c.c.) and water (1 c.c.) at 5°. The
mixture was kept at 0° for 19 hr., and ether (20 c.c.) added after 7 hr. The sodium 3 : 4-di-
inethoxyphenylglycidate (12*05 g., 98%) was collected and washed with ether. The salt 
(18*9 g.) was dissolved in water (75 c.c.) and added to oxalic acid (13*5 g.) in water (60 c.c.) at 
95—100° with a rapid stream of nitrogen passing through the solution, during 15—20 min. 
The solution was then heated for a further 5 min., cooled, and extracted three times with chloro­
form. The chloroform extracts were washed with water and dried (NagSOJ. Distillation 
gave the pure aldehyde (8*6 g., 62%), b. p. 115—121°/0*7—1*0 mm., 1-5430 (lit.,^ * 
1*5431) (Found: C, 66*3; H, 6*7. Calc, for CjoHigOg-. C, 66*6; H, 6*7%). The 2 : 4-dinitro- 
phenylhydrazone separated from ethyl acetate as orange-red needles, m. p. 168—169° (lit.,^ ® 
m. p. 169—169*5°).
3 : ‘^ -Dimethoxyphenethyl Alcohol.—(1) Ethyl 3 : 4-dimethoxyphenylacetate (33*6 g.) in dry 
ether (150 c.c.) was added drop wise with stirring to a suspension of lithium aluminium hydride 
(7*5 g.) in dry ether (150 c.c.) ; after 0*5 hour’s heating on a water-bath a fairly granular precipitate 
was obtained. Ethyl acetate (25 c.c.) was added, followed by 2N-sulphuric acid (excess) with 
ice-cooling. The aqueous phase was extracted with ether six times, the combined extracts were 
washed with sodium carbonate solution, dried, and evaporated. Distillation gave the alcohol 
(25*2 g., 92%), b. p. 126— 128°/0*3—0*7 mm., m. p. 45—46*5° (lit.,"» m. p. 48°) (Found: C, 66*4; 
H, 8*2. Calc, for C10H14O3: C, 65*9; H, 7*7%). The (oWMg-p-swZ^ AoMa/g, prepared in pyridine 
at 0—5°, separated from ether-light petroleum and had m. p. 49—51*5° (1*04 g. from 1*82 g.) 
(Found: C, 60*9; H, 6*1; S, 9*4. Cx^ HooO^ S requires C, 60*7; H, 6*0; S, 9*5%).
(2) 3 : 4-Dimethoxyphenylacetaldehyde (8*63 g.) was reduced by lithium aluminium hydride 
(2 g.) in ether (100 c.c,), as above, to the alcohol (6*6 g., 75%), b. p. 112—118°/0*3 mm., m. p. 
41—43°.
3 : 4:-Dimeihoxyphenethyl Chloride.—Thionyl chloride (8*92 g., 0*075 mole) in dry benzene 
(15 c.c.) was added with stirring to a solution of 3 : 4-dimethoxyphenethyl alcohol (9*1 g., 
0*05 mole) and diethylaniline (7*93 c.c., 0*05 mole) in benzene (60 c.c.) during 0*5 hr. The 
mixture was kept at room temperature for 1*5 hr., then heated on a boiling-water bath for 
10 min. Two-thirds of the benzene was removed under reduced pressure and the resulting 
solution was washed with water, dilute aqueous sodium carbonate, and water, dried (NagSO^ ), 
and evaporated. Distillation of the residue gave the chloro-compound (9*45 g., 94%), b. p. 
126°/0*3 mm., laths, m. p. 37*5—39*5° [from ether-light petroleum (b. p. 40—60°) at —15°] 
(Found: C, 59*8; H, 6*7; Cl. 17*3. Calc, for CioHigOgCl: C, 59*9; H, 6*5; Cl. 17*7%).
3 : 4:-Dimethoxyphenethyl Iodide.—(1) Sodium iodide (132 g. ; dry and powdered) was refluxed 
in dry ethyl methyl ketone (11.) for 1*5 hr. The mixture was then cooled, 3 : 4-dimethoxy­
phenethyl chloride (117 g.) in dry ethyl methyl ketone (200 c.c.) was added, and the mixture 
refluxed for a further 10 hr. Precipitated sodium chloride was removed, most of the ketone 
was distilled off, and the residue was dissolved in ether and water. The aqueous layer was 
extracted six times with ether and washed with sodium thiosulphate solution and water. The 
ether extract was dried and evaporated and the residue distilled, to give the iodo-compound 
(157 g., 92%), b. p. 112°/0*3 mm., prisms, m. p. 45—47° [from ether-light petroleum (b. p. 40— 
60°)] (Found: 1,42*9. Calc, for CioHigOgl: 1,43*4%).
(2) 3 : 4-Dimethoxyphenethyl toluene- -^sulphonate (T68 g.) was refluxed in dry acetone
(25 c.c.) with sodium iodide (0-82 g.) for 3 hr. The sodium toluene-/>-sulphonate (0-92 g.) was 
filtered off and the acetone was removed under reduced pressure, and the product was obtained 
as in (1), having m. p. and mixed m. p. 45-5—48°.
4c-4'-Pyyidyl{thioacetyl)m orpholine.—Redistilled 4-vinylpyridine (10 5 g., 0-1 mole), sulphur 
(4-8 g., 0-15 mole), and morpholine (13-0 g., 0-15 mole) were refluxed at 160° for 16 hr. The 
resultant dark mass was dissolved in ethanol (15 c.c.) and cooled to 0°. The morpholide 
(11-83 g., 53%) was collected and recrystallised from ethanol as yellow prisms, m. p. 105—107° 
(lit.,® m. p. 104—105-5°). The alcoholic mother-Iiquor was basified with aqueous potassium 
hydroxide and extracted 6 times with ether. Distillation of the ether-soluble material gave
4-ethylpyridine (1-35 g.), b. p. 50°/12 mm., 1-4988 (lit., 1-5022) [picrate, m. p. and mixed 
m. p. 167—169° (from alcohol)], and thioacetomorpholide (0-6 g.), b. p. 143—146°/12 mm., 
m. p. 90—92° (lit.,28 m. p. 89—91-2°) (Found: C, 49-7; H, 7-8; N, 9-6; S. 22 1. Calc, for 
CgHiiONS: C, 49 6 ; H, 7-6; N, 9 6 ; S, 22-0%).
E th y l ^-P yridylacetate.—4-4'-Pyridyl(thioacetylmorpholine (33 3 g., 0 15 mole) was refluxed 
with potassium hydroxide (23 g.) in alcohol (180 c.c.) for 16 hr. Water (360 c.c.) was added 
and the solution concentrated to half-volume under reduced pressure; then water (180 c.c.) 
was added and the solution was evaporated nearly to dryness, made just acid with 2N-hydro- 
chloric acid, evaporated to dryness, and co-distilled with ethanol (twice) and benzene. The 
dry residue was suspended in absolute ethanol (200 c.c.), saturated with hydrogen chloride with­
out cooling, and kept overnight at room temperature. The alcohol was removed and dilute 
sodium carbonate and ether were added. The residue from the ether-extracts was distilled, to 
give the ester (18-9 g., 76%), b. p. 86—90°/0-2—0-4 mm. The hydrochloride separates from 
ethanol as prisms, m. p. 165—168° (decomp.) (Found: C, 54-0; H, 6 1 ; N, 6 9. C9H12O2NCI 
requires C, 53-7; H, 6-0; N, 6-9%).
E th y l 1 -(3 : 4t-D im ethoxyphenethyl)-4L-piperidylacetate.—3 : 4-Dimethoxyphenethyl iodide 
(2-92 g.) and ethyl 4-pyridylacetate (1-65 g.) were heated on a boiling-water bath for 2 hr., to 
give a quaternary salt which was hydrogenated in ethanol (60 c.c.) and triethylamine (1-6 c.c.) 
and at 145—150°/75 atm. for 3 hr. in the presence of Raney nickel. The product after removal 
of the alcohol was treated with excess of 2N-sodium carbonate, and extracted with ether three 
times. The extract was dried (NagSOJ and distilled (b. p. 188—192°/0-6 mm.; T16 g.), 
affording the product which after several recrystallisations from ether-light petroleum (b. p. 
40—60°) at —20° formed prisms, m. p. 38-5—40° (Found: C, 68-4; H, 8-9; N, 3-8. CjgHggOjN 
requires C, 68-0; H, 8 7; N, 4-2%).
N - (3 : 4 - Dim ethoxyphenethyl) - a - 4 - pyridylacetam ide  ( I ).—3 : 4 - Dimethoxyphenethylamine 
(9-05 g.), ethyl 4-pyridylacetate (8-25 g.), and a few drops of dry pyridine were heated 
at 180° for 3 hr., then dissolved in benzene from which the crude amide (11-3 g., 
75%) separated. Recrystallisation from benzene gave the am ide (10-5 g.) as needles, m. p. 
93-5—95° (Found: C, 68 3; H, 7-3; N, 9-2. requires C, 68-0; H, 6-7; N, 9-3%).
N-(3 : 4c-Dimethoxyphenethyl)-oL-4:-piperidylacetamide (IV).—The foregoing amide (3 g.) was 
shaken in ethanol (40 c.c.) with Raney nickel for 1  ^hr. The suspension was filtered and the 
nickel was washed with glacial acetic acid. Further acetic acid (60 c.c.) was added to the filtrate 
which was then hydrogenated in the presence of Adams catalyst. The product after removal of 
solvent was partitioned between dilute sodium carbonate and chloroform. Several chloroform 
extracts were obtained, washed with water, and dried (NagSO^ ). The solid residue crystallised 
from benzene-light petroleum (b. p. 40—60°), to give the am ide (1-72 g.), m. p. 93—96°, needles 
(Found: C, 67-0; H, 8-4; N, 8-8 . C17H26O3N2 requires C, 66-6 ; H, 8-5; N, 9-1%).
1 - (3 : 4,-D im ethoxyphenethyl) -4 - [N - (3 : 4 - dim ethoxyphenethyl)carbam oylm ethyl]pyrid in ium  
Iodide (II).—3 : 4-Dimethoxyphenethyl iodide (2-92 g.) and V-(3 : 4-dimethoxyphenethyl)-a-4- 
pyridylacetamide (3-0 g.) were refluxed in absolute methanol (25 c.c.) in nitrogen for 16 hr. 
After concentration of the solution to ca. 10 c.c. the quaternary salt (4-87 g.), m. p. 142—146°, 
slowly separated. Recrystallisation from absolute ethanol gave the p y r id in iu m  iodide, m. p. 
146—148° (softens at 145°), as yellow prisms (Found : C, 53-4, 53-7; H, 6-0, 6-0; T, 22-2, 22-2. 
CoTHsaOsNgl'IIgO requires C, 53-1 ; H, 5-8; T, 20-8%).
N-(3 : ^-D im ethoxyphenethyl)-a-(^  : 4:-dim ethoxyphenethyl-4z-piperidyl)acetam ide (III).—(1) The 
iodide (II) (11-85 g.) in methanol (300 c.c.) was hydrogenated at atmospheric pressure and 
room temperature in the presence of Adams catalyst (0-5 g.) (uptake 1560 c.c. ; theor., 1555 c.c.). 
The solution was filtered, concentrated, and basified with 2N-sodium hydroxide, and the base 
extracted with chloroform (5 times). The recovered base (8-25 g., 88%) separated from ethyl
acetate as needles, m. p. 135*5—130” (Found: C, 68*8 ; H, 8 0; N, 6 1. CgvHggOgNj 
C, 68 9; H, 8 1; N, 5 9%).
3 : 4-Dimethoxyphenethyl iodide (0-73 g.), the amide (IV), and potassium carbonate (0-52 g.) 
were refluxed in dry benzene (20 c.c.) for 3 hr. The solution was washed with water and evapor­
ated. The residual solid crystallised from ethyl acetate, to give the amide (II) (0-6 g.), m. p. 
and mixed m. p. 133—135-5° (from ethyl acetate).
4-(3 : 4:-Dihydro-(\ : 1 - d i m e t h o x y - l - i s o q u i n o l y l m e t h y l ) : é-dim ethoxyphenethyl)piperidine  
(V).—(i) Phosphorus pentachloricle (3 g.) was added to the amide (III) (2-46 g.) in dry chloro­
form (30 c.c.) at 5°. The mixture was kept at 0° for 0-5 hr. with intermittent shaking, then 
at room temperature for 18 hr. Most of the chloroform was removed under reduced pressure 
and ice and excess of 2N-sodium hydroxide were added. The basic material was extracted 
with chloroform, washed with water, and recovered. The residue dissolved in warm ether and 
after removal of some flocculent material was recovered as an oil. Dilute hydrochloric acid was 
added, and the yellow solution evaporated to a yellow foam. After distillation of the residue 
3 times with alcohol it was dissolved in ethanol to which ether was added. The dihydrochloride 
separated as yellow prisms (2-42 g., 88%), m. p. 105—110°. Recrystallisation from ethanol-ether 
with a trace of dry hydrogen chloride gave pale yellow prisms which, after drying at 50—60° 
in  vacuo, had m. p. -~180—185° (softening at 160°, doubtless owing to hydration). The salt was 
very hygroscopic and its dilute ethanolic solution had a bright blue fluorescence (Found: C, 
59-9; H, 7-1; N, 5-2. C27H3gO,N2,2HCl,H20 requires C, 59-7; H, 7-4; N, 5-1%).
The dihydrohromide was less hygroscopic and crystallised from ethanol as pale yellow prisms, 
m. p. (air-dried) m. p. 131—136° (meniscus and frothing at 155—160°) (Found: C, 48-1, 48-3; 
H, 6-2, 6-6 ; N, 3-9; Br, 23-9; H.O, 10-2. C27H30O4N2,2HBr,SHgO requires C, 48-5; H, 6-6 ;
N, 4-2; Br, 23-9; H2O, 8-1%).
The base, crystallised from light petroleum (b. p. 60—80°) containing a few drops of ether, 
had m. p. 99—102-5° (Found: C, 71-8; H, 8-4; N, 5-8. C07H36O4N2 requires C, 71-6; H, 8-0;
N, 6-2%).
(ii) The amide (111) (2-35 g.) was refluxed in dry toluene (15 c.c.) and phosphorus oxy­
chloride (10 c.c.) for 1 hr., cooled, washed by décantation with light petroleum (b. p. 60—80°), 
and dissolved in aqueous alcohol. Excess of 50% sodium hydroxide solution was added and 
the basic material extracted with ether (3 times) and washed with water. The recovered base 
was converted into the dihydrohromide which separated from ethanol as yellow prisms (2-32 g., 
75%), m. p. (air-dried) and mixed m. p. 131—136°.
1(3 : 4:-D im ethoxyphenethyl)-4:-(I  : 2 : 3 : 4,-tetrahydro-^  : 1 -dim ethoxy -\-isoqu in olylm eth yl) - 
p iperid in e  (VI).—The dihydrohromide (V) (3-07 g.) was hydrogenated at room temperature and 
atmospheric pressure in methanol (50 c.c.) with Adams catalyst (0-2 g.). The filtered solution 
was concentrated to 25—30 c.c. and treated with hydrobromic acid, to give a dihydrohromide 
(2-55 g., 92%), m. p. 188—192°. Recrystallisation from methanol gave the tetrahydroiso- 
quinoline dihydrohromide as prisms, m. p. (air-dried) 190—196° (Found: C, 50-3; H, 6-6 ; N,
4-5; Br, 24-2; IRO. 5-1. C27H3s04N2,2HBr,2H20 requires C, 49-7; H, 6-80; N, 4-3; Br. 24-5;
HgO, 5-5. Found, in a sample dried at 90° in  vacuo: loss, HgO, 2-5; C, 51-9; H, 6-4. 
Co7H3804N2,2HBr,El20 requires H2O, 2-8; C, 51-1; H, 6-7%).
In a preliminary reduction the tetrahydrofsoquinoline was isolated as the dihydrogen d i­
oxalate, needles (from methanol-ether), m. p. 173-5—175° (decomp. 180—185°) (Found: C, 
58-2; H, 6-8 ; N, 4-7. €27143804X2,21420204 requires C, 58-6; H, 6-7; N, 4-4%).
l-(3 : 4:-Dimethoxyphenethyl)-4:-picolinium Iodide.—3 : 4-Dimethoxyphenethyl iodide (2-92 g.) 
and y-picoline (0-93 g.) were heated on a boiling-water bath for 2 hr. The crystalline precipitate 
was dissolved in ethanol from which the quaternary salt separated as yellow needles (6-6 g.), 
m. p. 184—187° (Found: C, 50-2; El, 5-3; N, 3-6. C4gH2o02NI requires C, 49-9; El, 5-2; N,
3-6%).
l-(3: 4r-Dimethoxyphenethyl)-4.-methyl-2-pyridone H ydrochloride (IX).—(i) To potassium 
hydroxide (6-6 g.), dissolved in water (3 c.c.) and tert.-hvLtyl alcohol (80 c.c.), 4-methyl-2- 
pyridone (10-9 g., 0-1 mole) was added and the solution was heated for a few minutes to obtain 
complete dissolution. 3 : 4-Dimethoxyphenethyl iodide (29-2 g., 0-1 mole) was added and the 
solution was refluxed for 2-75 hr. The solvent was then removed and the residue was partitioned 
between benzene and 2N-sodium hydroxide. The aqueous layer was extracted 3 times with 
benzene which was then removed, and the residue was dissolved in a very small volume of 
ethanol and treated with excess of ether saturated with dry hydrogen chloride. The hydro­
chloride (24-45 g., 79%) recrystallised from ethanol-ether as needles, m. p. 170—172° (Found: 
C, 62-6; H, 6-8; N, 4-5. CigHigOgN.HCl requires C, 62-0; H, 6-2; N, 4-5%).
(ii) 4-Methyl-2-pyridone (5-45 g.) was warmed with a solution from potassium (1-95 g.) and 
te r t.-b w ty l alcohol (40 c.c.) for a few minutes, 3 : 4-dimethoxyphenethyl chloride (11-1 g.) was 
added, the whole refluxed for 6 hr., and the product obtained as described above as the hydro­
chloride (11-09 g., 71-6%) m. p. 165—166°.
(iii) 3 : 4-Dimethoxyphenethyl iodide (5-84 g.) and 2-bromo-4-methylpyridine were heated 
on a boiling-water bath for 5 hr. The residue was lixiviated with dry ether, dissolved in aqueous 
ethanol, treated with excess of 2N-sodium hydroxide at room temperature, and kept overnight. 
The solution was extracted with chloroform, dried, and evaporated. The residue gave on 
distillation a fraction (1-4 g.), b. p. 200—202°/0-5 mm., which gave the pyridone hydrochloride, 
m. p. 165—169°, when treated with ether saturated with dry hydrogen chloride. Recrystallis­
ation gave the pure hydrochloride, m. p. 169—172°, identical with the compound prepared as 
above (Found: Cl, 11-4. CjgHigOaN.HCl requires Cl, 11-4%).
E th y l 1 - (3 : 4 - D im ethoxyphenethyl) -1 : 2-dihydro  - 2 - oxo - 4 - p y r id y lp y n iv a te  (X).—Absolute 
ethanol (16-6 c.c.) was added to potassium (2-53 g.) under dry ether (14-4 c.c.), and dissolution 
completed by warming. Ethyl oxalate (9-48 g.) in ether (60 c.c.) was added dropwise at ca. 10°. 
After 10 min. l-(3 : 4-dimethoxyphenethyl)-4-methyl-2-pyridone [from the hydrochloride 
(18-6 g.)] in benzene (90 c.c.) was added dropwise in 8 min. at 0°. After 2 days an oil separated 
which became solid on addition of ether {ca. 90 c.c.). This yellow potassio-derivative salt 
(19-0 g.) was filtered off after 4 days and washed with dry ether. From the filtrate a further
3-8 g. (total 91-2%) were obtained.
The potassio-derivative (10-3 g.) was added portionwise to 2N-sulphuric acid (32-5 c.c.), 
ice (17 g.) and chloroform (55 c.c.) with vigorous shaking. The chloroform was separated and 
the aqueous layer was re-extracted with chloroform; this was repeated again after adjustment 
of the pH of the aqueous extract to pH 7 with dilute ammonia. The combined extracts yielded 
the solid p yru va te  which crystallised twice from ethanol or ethyl acetate as pale yellow prisms 
(7-9 g., 85% yield from potassio-derivative), m. p. 157—158-5° (Found: C, 64-5; H, 6-3; N,
3-4. CggHggOgN requires C, 64-3; H, 6-2; N, 3-7%).
E th y l p-[l-(3 : 4:-D im ethoxyphenethyl)-\ : 2-dihydro-2-oxo-4:-pyridyl\-a .-hydroxyim inopropionate  
(XVHI).—(i) The pyruvate (X) (3-73 g.) in alcohol (45 c.c.) was refluxed with hydroxylamine 
hydrochloride (0-77 g.) and anhydrous sodium acetate (0-88 g.) for 0-5 hr. ; the solution was 
cooled and water (5 c.c.) added. The oxim e (3-17 g., 82%), recrystallised from alcohol, had 
m. p. 186-5—189-5° (Found: C, 61-1; H, 6-3; N, 7-2. Coglio^ OgNo requires C, 61-8; H, 6-2; 
N, 7-2%).
(ii) The crude potassio-derivative (3-8 g.) in alcohol (45 c.c.) was refluxed with hydroxyl­
amine hydrochloride (0-77 g.) and sodium acetate (0-88 g.) for 0-5 hr., then concentrated to half 
its volume. The oxime (2-08 g., 58%) had m. p. and mixed m. p. 182—184°.
This ester (3-17 g.) was converted by 2N-sodium hydroxide (12-5 c.c.) on a boiling-water bath 
in 1-5 hr. into the acid, needles, m. p. 166—168° (2-50 g., crude) (Found: C, 59-9; H, 5-8; N,
7-8. CigHggOgNg requires C, 60-0; IT, 5-6; N, 7-8%).
l-(3 : 4:-D im ethoxyphenethyl)-\ : 2-dihydro-2-oxo-4i-pyridylacetonitrile (XX).—The hydroxy- 
imino-acid (2-76 g.) was heated in acetic anhydride (5 c.c.) on a water-bath for 10 min., the 
anhydride removed under reduced pressure, and ethanol was added and then removed under 
reduced pressure. The crystalline nitrile was precipitated from a small volume of benzene by 
a few drops of light petroleum (b. p. 60—80°) as needles (1-82 g., 80%), m. p. 118—121° (Found: 
C, 68-4; H, 6-1; N, 10-0. Ci^ HigOgNg requires C, 68-4; H, 6-1; N, 9-4%).
\-{^  : 4,-D im ethoxyphenethyl)-\ \ 2-dihydro-2-oxo-4i-pyridylacetic A c id  (XI).—(i) The aceto- 
nitrile (0-23 g.) was refluxed overnight with ethanol (10 c.c.) and 2N-sodium hydroxide (5 c.c.). 
The alcohol was then removed and the aqueous alkaline solution extracted with benzene and 
then filtered. The filtrate was made acid by concentrated hydrochloric acid, and the precipit­
ated red oil extracted with chloroform. After removal of the solvent the residue was dissolved 
in methanol from which prisms (0-23 g.), m. p. 158—161° (decomp.), were deposited. Crystal­
lisation from methanol gave the acetic acid, m. p. 156-5—157° (decomp.) (Found: C, 64-3; H, 
6-1; N, 4-7. Ci^ HigOgN requires C, 64-3; H, 6-0; N, 4-4%).
(ii) The ester (X) (6-5 g.) was kept in 10% aqueous sodium hydroxide (31-2 c.c.) at 0° for
4-5 hr., then treated with 30% hydrogen peroxide (6-05 c.c.) and ice {ca. 17 g.) and kept for a 
further 16 hr. at 0°. Thereafter a further 2-6 c.c. of hydrogen peroxide were added and the
solution was kept at 0° for a further 24 hr. Manganese dioxide {ca. 1 g.) was added, the solution 
filtered, and the filtrate made just acid to Congo-Red paper with concentrated hydrochloric acid. 
The oil was extracted with chloroform (3 X 25 c.c.), washed with water, and evaporated. The 
colourless solid residue was dissolved in methanol from which the acid (4 36 g., 78%), m. p. and 
mixed m. p. 157° (decomp.), separated.
(iii) The potassio-derivative (5-15 g.) was kept in 10% aqueous sodium hydroxide (22-5 c.c.) 
at 0° for 17 hr. Ice (12-5 g.) and 30% hydrogen peroxide (4-4 c.c.) were added and the solution 
kept at 0° for 24 hr. A further 1-88 c.c. of hydrogen peroxide were added and the solution left 
for 3 days longer at 0°, then worked up as in (ii), to give the acid (2-91 g., 73-5%), m. p. 152— 
156° (decomp.). This reaction was repeated with the potassio-derivative (51-5 g.); after 
removal of the pyridylacetic acid (28 g.) the mother-Iiquor was concentrated to a syrup 
and treated with ethereal hydrogen chloride. The partially crystalline hydrochloride, after 
recrystallisation, gave 4-methyl-2-pyridone hydrochloride (3 g.), m. p. and mixedm. p. 166—167°.
M ethyl l-(3 : 4t-Dimethoxyphenethyl)-\ : 2-dihydro-2-oxo-4k-pyridylacetate.—(i) The nitrile (XX) 
(1-49 g.), suspended in dry methanol, was saturated at 0° with hydrogen chloride. After 20 hr. 
at 0° the methanol was removed under reduced pressure, and the residue dissolved in chloro­
form, washed with 2N-sodium carbonate, and evaporated. The residual ester was treated in ci 
small volume of methanol with ethereal hydrogen chloride, which precipitated a slightly 
hygroscopic hydrochloride (1-37 g., 74%). Two recrystallisations from methanol-ether with a 
trace of dry hydrogen chloride gave the pure hydrochloride, m. p. 116-5—120° (Found: N, 4-3. 
EigHggOgNCl requires N, 3-8%). The hydrochloride in water dissociated to an oil; basification 
(2N-sodium carbonate) and extraction with chloroform gave the free ester which separated from 
benzene-light petroleum (b. p. 40—60°) as needles, m. p. 64-5—67° (from ether at —10°) (Found : 
C, 64-9; H, 6-4; N, 4-7. CigHaiOgN requires C, 65-3; H, 6-4; N, 4-2%).
(ii) The acid (XI) (0-63 g.) was treated in methanol (3 c.c.) with ethereal diazomethane [from
methylnitrosourea (1-17 g.)]. Next morning unchanged acid (0-133 g.) was filtered off and the 
ester converted by ethereal hydrogen chloride into the hydrochloride, m. p. and mixed m. p. 
117—120°. The base had m. p. and mixed m. p. 67—69°.
l-(3 : 4t-Dimethoxyphenethyl)-2-oxo-4c-piperidylacetic Acid, (XII).—The acid (XI) (4-76 g.) was 
hydrogenated in methanol (140 c.c.) at room temperature and pressure in the presence of 
Adams catalyst (0-2 g.). (Uptake in 24 hr., 820 c.c. Theor., at 23°/757 mm., 797 c.c.) The 
catalyst was removed and the filtrate concentrated to ca. 20 c.c. to which ether {ca. 100 c.c.) 
was added. 'V\\c p iperidylacetic acid (4-13 g., 86%), m. p. 146—148°, separated from methanol- 
ether in prisms, m. p. 147-5—149-5° (Found: C, 63-4; H, 7-4; N, 4-6. Q7H23O5N requires 
C, 63-5; H, 7-2; N, 4-4%).
1 : 2 : 3 : 4 : 6 : 1 -H exahydro-^  : - d im ethoxy- 2 - methoxycarhonylmethylhenzo[?i\quinolizinium
Iodide (XXII).—The acid (XII) (0-23 g.) was dissolved in warm methanol (20 c.c.), and hydrogen 
chloride was passed into the solution to saturation at 0°. The solution was kept at room 
temperature overnight, then the solvent was removed. The residue was dissolved in chloro­
form and washed with 2N-sodium carbonate and water. Removal of the solvent gave the oily 
methyl ester (XXI). Without being crystallised (Pailer and Strohmayer record m. p. 57— 
58°) this was cyclised by phosphorus oxychloride (I c.c.) and toluene (4 c.c.) at 95° for 5— 
10 min. The iodide was isolated as described by Pailer and Strohmayer and crystallised from 
water as yellow needles, m. p. 218—219-5° (lit., 218—220°) (Found: C, 48-5; H, 5-5; N, 2-9. 
Calc, for C18H24O4NI: C, 48-5; H, 5-4; N, 3-1%), 232 (log z 4-29), 300 (log c 3-96), and
245 m[jL (log z 3-97) in water.
l-(3 : 4:-Dimethoxyphenylethyl)-4L-'N-{'è : 4:-dimethoxyphenethyl)carbamoylmethyl-2-oxopiperidine 
(XIII).—Ethyl chloroformate (1-19 g.) was added to a solution of the acid (XII) (3-21 g.) and 
triethylamine (1-01 g.) in dry dimethylformamide (12-5 c.c.) at —15° to —20° during 10— 
15 min. The mixture was kept at —10° for 10 min., then allowed to warm to 0° for 10 min., 
cooled to —5°, treated with 3 : 4-dimethoxyphenethylamine (2-71 g.) and triethylamine (l-OI g.) 
in dimethylformamide (5 c.c.), kept at room temperature overnight, and evaporated. The 
residue was dissolved in chloroform and washed with 2N-hydrochloric acid (20 c.c.), 2N-sodium 
carbonate (20 c.c.), and water. The chloroform was removed and the residue dissolved in ethyl 
acetate. The amide (4-05 g., 84%), m. p. 126—128°, separated in needles on cooling and an 
analytical sample, obtained from ethyl acetate, had m. p. 120—121° or 130—131°; these forms 
are interconvertible (Found: C, 67-3; H, 7-6; N, 5-9. Calc, for Cg^ HggOgNg: C, 66-9; H, 7-5; 
N, 5-8%). Sugasawa and Oka give m. p. 130—131°.
2-(3 : 4t-D ihydro-(i : 1 -d im eth o x y-2 -\so q iiin o lyL m eth yl)-l : 2 : 3 : 4 : 6 : 1 -Iiexaliydro-Q  : 10 - d i-  
m ethoxybenzo[ci]quinolizm ium  Iodide H ydriod ide  (XIV).—The amide (XIII) (9*70 g.) was 
heated in dry toluene (80 c.c.) with phosphorus oxychloride (20 c.c.) at 95° for 0 5 hr. Toluene 
and excess of phosphorus oxychloride were then removed and the residue was washed twice 
with dry light petroleum (b. p. 60—80°) by décantation. The residue was dissolved in water 
(100 c.c.) and a few c.c. were distilled under reduced pressure. On cooling, a small amount of 
crystalline material, m. p. 150°, was removed and, to the filtrate, sodium acetate {ca. 30 g.) and 
then sodium iodide (24 g.) in water (40 c.c.) were added. The precipitated red oil was extracted 
with chloroform and washed with water. The recovered red gum was dissolved in methanol 
{ca. 60 c.c.) from which the iodide hydriodide (12-1 g., 85%), ni. p. 193—195° (softens at 170°), 
separated; recrystallisation from methanol gave material of m. p. 193—195° (Found, in a 
sample dried at 60° in  vacuo: C, 44 9; H, 5 0; N, 3 7; I, 36 0. requires
C, 44 9; H, 5 0; N, 3 9; I, 35-1%). An air-dried sample had an indistinct m. p. (90—195°) 
owing to hydration (Found: C, 44 0; IT, 5 1; N, 3 2. Cg^ EIggO^ Ngl,H1,2IToO requires 
C, 43 8 ; H, 4 9; N, 3 8%) : at 100° in  vacuo (2 hr.) it lost one molecule (Found: loss, 2 9. 
027113304X21,111,2HgO requires HgO, 2-4%). The absorption spectrum (solution in water) had 
maxima at 227-5 (log e 4-61), 302-5 (log e 4-29), and 455 ni(j. (log s 4-29).
Use of sodium bromide instead of sodium iodide gave the brom ide hydrobrom ide, pale yellow 
prisms, ni. p. 193—195° (from methanol-ether) (Found: C, 50-2; H, 6-0; N, 4-1 ; Br, 24-1. 
C27H3304N2Br,HBr,2H2G requires C, 50-3; H, 5-9; N, 4-3; Br, 24-8%), X,nax. (fii water) 242-5 
(log E 4-5), 305 (log £ 4-25), and 452 mp (log e 4-25). I-(3 : 4-Dihydro-6 : 7-dimethoxy-l-fso-
quinolyl)-2-(3 : 4-dihydro-6 : 7-dimethoxy-I-f5oquinolylmethyl)pentane dihydrohromide had 
n^niix. 242-5 (log E 4-43), 305 (log e 4-2), and 452 mp (log e 4-15).
(E )-I)e-eth ylem etin e D ih ydriod ide  (XV).—Racem ate A . The iodide hydriodide (XIV) (3-52 g.) 
was hydrogenated in methanol (150 c.c.) with Adams catalyst (0-2 g.) at room temperature 
and pressure. Absorption was slow but after 24 hr. the theoretical amount of hydrogen had 
been taken up and reduction ceased. The pale yellow solution was filtered and concentrated, 
prisms (1-5 g., 42%), m. p. 236—240° (softening at 234°), separating. Crystallisation from 
methanol gave the dih ydriod ide A , m. p. 247—249° (softening at 243°) (Found: C, 45-6, 45-2; 
H, 5-5, 5-6; N, 4-0, 3-3; I, 35-8. C27H3G04Ng,2HI requires C, 45-8; IT, 5-4; N, 4-0; I, 35-8%). 
The base did not crystallise. Ethereal hydrobromic acid gave the dihydrohrom ide, m. p. 218— 
220° (from ethanol-ethyl acetate) (m. p. less sharp than for the dihydriodide, possibly owing to 
hydration) (Found: C, 48-4; H, 6-7; N, 3-8. Cg7H3g0^N2,2HBr,3El20 requires C, 48-5; H,
6-6; N, 4-2%), X^ ax. (in water) 227 (log e 4-17) and 282 ni[jL (log e 3-85). The dihydrogen d i ­
oxalate, prepared from the dihydrobromide in the normal way, formed prisms (from methanol- 
ether) which softened at 120° and had m. p. 123—125° (meniscus at 140°) (Found: C, 56-0; IT, 
6-3; N, 4-3. C27H3g04N2,2H2C204,2H20 requires C, 55-6; H, 6-6; N, 4-2%).
Racem ate B . After separation of the dihydriodide A no further material could be obtained 
crystalline. However, evaporation gave a non-hygroscopic yellowish, amorphous powder, 
m. p. 210—220° (softening at 205°) (Found: C, 44-2; H, 5-7; N, 3-6%).
In a similar experiment, this product was dissolved in water, and the solution was made 
alkaline and extracted with chloroform. The base was treated with ethanolic oxalic acid. 
Ether was added. The precipitated oil crystallised slowly (1-06 g., 33%); on crystallisation 
from methanol-ethyl acetate, the sa lt B  separated very slowly as prisms, m. p. 180° (decomp.) 
(Found: C, 59-4; H, 6-7; N, 4-5%). A mixed m. p. with the racemate A dihydrogen dioxalate 
was 112—140°.
In another experiment the amorphous dihydriodide (T3I g.) was dissolved in methanol with 
warming ; from the cooled solution ethereal hydrobromic acid precipitated a yellow gum. 
Crystallisation from methanol-ethyl acetate gave pale yellow prisms (0-31 g.), m. p. 
225—230°. Recrystallisation gave prisms, soften at 218°, m. p. 224—228° (mixed m. p. with 
the dihydrohromide of racemate A, 212—227° (Found: C, 50-0; H, 6-7; N, 4-1; Br, 24-1. 
Q7H3g0^N2,2HBr,2H20 requires C, 49-8; H, 6-5; N, 4-3; Br, 24-6%), X,„gx. (": water) 228 
(log E 3-91) and 282 mp. (log e 3-55).
D e-ethylrubrem etin ium  B rom ide (XIII) (cf. ref. 23).—The amorphous racemates of de-ethyl­
emetine dihydriodide, after removal of the crystalline racemate A—1-5 g. obtained from the 
mother-Iiquor by evaporation to dryness—were heated with potassium acetate (0-25 g.), mercuric 
acetate (5 g.) and acetic acid (I c.c.) in water (32 c.c.) for 1 hr., then filtered. The mercurous 
acetate was washed with water, alcohol, and acetone. The washings were added to the first
filtrate and the alcohol and acetone were removed under reduced pressure. A further quantity 
of mercuric acetate (2-5 g.) was added and the solution refluxed again for 2 hr. The solution 
was filtered and the mercurous acetate washed with water. The filtrate was heated to 90° and 
hydrogen sulphide was passed into the solution. Mercuric sulphide was filtered off and 
extracted exhaustively with boiling ethanol. The total filtrates were concentrated under 
reduced pressure to ca. 30 c.c. and treated with excess of 48% aqueous hydrobromic acid. The 
orange-scarlet needles (0-80 g., 72%), m. p. 237—240° (soften at 230°), which separated, were 
collected. Recrystallisation from dilute hydrobromic acid gave de-cthylvuhvemetinium bromide, 
m. p. 233—235° (Imund; C, 57-8; El, 5-9; N, 4-8. C27H2g04N2Br,2H20 requires C, 57-7; El,
5-9; N, 6-2%).
This oxidation product was also obtained by Pailer and Strohmayer but no experimental 
details or analyses are given ; they record m. p. 215°.
Our product had W  (in H2O) 257-5 (log e 4-28), shoulder 283 (log e 4-24), 300 (log e 4-26), 
and 437-5 mp (log e  4-47). The absorption curve is identical with that given by Pailer and 
Strohmayer for this compound and with that for rubremetinium bromide."^
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710. Chemical Constitution and Amœbicidal Action. Part /F .*  
Synthesis of Emetine and Stereoisomers of Emetine.
B y M. B a r a s h , J. M. O s b o n d , and J. C. W i c k e n s .
Stereoisomers of emetine (XXII) have been synthesised by three routes:
(1) Catalytic reduction of the four dehydroemetines (XXI) has given 4 stereo­
isomers of emetine (XXII) (Aa^ , Abg, Bcj, and Bd )^. Paper chrom­
atography showed only one of these isomers (Aa^ ) to be inseparable from 
emetine. I he physicochemical properties were in close agreement with those 
of emetine, and (d:)-Aai had slightly more than half the amœbicidal activity 
o£ (-f-)-emetine dihydrochloride. Resolution of the base of (±)-Aa]_ gave 
optically active salts indistinguishable from natural emetine salts. (2) Cata­
lytic reduction of tetradehydroemetinium chloride hydrochloride (XXIII;
A) led to the predominant formation of (d:)-isoemetine (Abg) with a small 
amount of (d:)-emetine (AaJ. (3) Catalytic reduction of the esters (XXV ;
A and B) with subsequent transformations led to the formation of the above 
four emetine isomers.
T h e  correct structure (X X II) for emetine, suggested by Robinson  ^ on biogenetic grounds, 
was confirmed independently by Openshaw  ^ and Pailer  ^ and their co-workers, and (di)- 
rubremetinium bromide has been synthesised by three groups of w o r k e r s .^ ' I n  addition 
a total synthesis of emetine has been described by Preobrazhenski and Evstigneeva and 
their co-workers,'^ and a partial synthesis by Battersby, Davidson, and Harper.® A 
summary  ^ of our synthetic work was followed by a steredspecific synthesis of emetine by  
Battersby and T u r n e r ,w h ic h  caused us to re-examine some of our conclusions and to 
make a correction.
As emetine (XX II) has four asymmetric centres (positions 2, 3, l ib ,  and 1'), 8 racemic 
and 16 optical isomers are possible. To apply the synthesis of de-ethylemetine, described 
in Part III,* to emetine, it was necessary to prepare the pyridone (III).
Me Me Me Me
%iEt
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(I) (II) (III) (IV)
^-Collidine (I) with sodamide in dimethylaniline gave a mixture of the 2- and 6-amino- 
pyridine (II) which was converted into the pyridones (III) and (IV) and separated by  
crystallisation, but the yield was low and the unwanted isomer (IV) predominated. An 
alternative route employed 2,6-dichloro-5-ethyl-4-methylpyridine (V) which with one 
equivalent of sodium isopropoxide, sodium benzyloxide, or potassium diphenylmethoxide 
gave a mixture of the isomers (VI) and (VII) (R =  Pp, CHgPh, or CHPhg). It was hoped
Me Me Me Me Me
Clk^ y C l  Clks y O R  ROks PCI  ks p O R  ROU 
N N N N
(V) (VI) (VII) (VIII)  (IX)
that the condensation with a bulky group {e.g., diphenylmethyl) would occur chiefly at 
the less hindered 2-position. The mixture (VI +  VII ; R =  PP) was dechlorinated by  
hydrogenolysis to give the ethers (VIII +  IX ; R =  Pp) which on acid hydrolysis gave 
the pyridones (III; 47%) and (IV; 9%). Alternatively, the mixture (VI - f  V II; R  =
* Part III, /., 1959, 2157.
Pr’) was hydrolysed and then dechlorinated. The m ixture of benzyl ethers (VI -{- VII) 
was hydrogenated to give predominantly the pyridone (III). The condensation with  
potassium diphenylm ethoxide was the m ost favourable as it gave chiefly the ether (VII; 
R =  CHPhg). Hydrogenolysis gave the pure pyridone (III) in one step.
The structures of the pyridones (III) and (IV) were assigned on the following consider­
ations. B y analogy it was expected that, in the amidation of [3-collidine (I), isomer (IV) 
would predominate, whereas in the condensation of the dichloro-compound (V) with  
potassium diphenylm ethoxide the isomer (III) was expected. The pyridone (III) had 
Xmax. 298 m[L, and the isomer (IV) 293 m^; 5- and 3-m ethyl-2-pyridones showed a parallel 
difference, nam ely 303 and 295 mp. respectively (cf. also ref. 14). Compound (III) was 
converted into the two acetic acid derivatives (X III; A and B) (see below) which were 
identical with those obtained by a different route  ^ and were converted eventually into  
(di)-rubremetinium bromide (X X IV ).
M e O r ^  MeO M e O r
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Condensing the pyridone (III) w ith 3,4-dim ethoxyphenethyl iodide in t-butyl alcohol 
with potassium hydroxide gave the A^-substituted pyridone (X). This w ith ethyl oxalate  
gave the potassio-salt of the pyruvic ester which with dilute acid gave the ester (XI). It 
was assumed that only the active 4-m ethyl group would participitate in this reaction. Oxid­
ation of the ester (XI) or the potassio-salt w ith alkaline hydrogen peroxide gave the corre­
sponding acetic acid (X II) which, on m elting, is decarboxylated to the pyridone (X). 
H ydrogenation of the acetic acid (X II) w ith Adams catalyst gave the two stereoisomeric 
2-piperidone acids (X III), A, m. p. 154— 156° (70%), and B, m. p. 152— 153° (15%) ; a 
m ixed m. p. between the two gave a strong depression. It was later shown that the A 
series has the trans- and the B series the cfs-conhguration. Ban  ^ later described a 
synthesis of the acids (XIII) (non-crystalline) which appeared more convenient than the 
above route. The Mannich base (X IV  ; R  =  H, R' =  COgH) was decarboxylated to give 
the monocarboxylic acid (XIV ; R  =  R' =  H), now obtained crystalline, and esterified 
(R =  Et). Treatment with ethoxycarbonylacetyl chloride yielded the diester (XV) 
which was converted into the ketone (XVI) and then crystallised as a monoethanol 
solvate. However, several attem pts to repeat the condensation of the ketone (XVI) with  
ethyl cyanoacetate and subsequent transformations under B an’s conditions  ^ gave only a 
trace of crystalline acid (X III; A). However, condensing the ketone (XVI) w ith  cyano- 
acetic acid gave a good yield of m ixed unsaturated nitriles (X V II), which on estérification, 
reduction, and hydrolysis gave the two crystalline acids (X III) A (56%) and B (12%) in 
good overall yield.
Treatment of the separated acids (XIII) A and B with triethylamine and ethyl chloro­
formate gave the corresponding ethoxyformic anhydrides, which with 3,4-dimethoxy- 
phenethylamine afforded the amides (XV III, A and B). It has already been shown 
that cyclisation of A/'A'-bis-(3,4-dimethoxyphenethyl)glutardiamide with phosphoric oxide 
in toluene resulted in y-(3,4-dihydro-6,7-dimethoxy-l-isoquinolyl)-A-(2-3,4-dimethoxyphen- 
ethyl)butyramide as well as I,3-bis-(3,4-dihydro-6,7-dimethoxy-I-isoquinolyl)propane. 
Application of this method to the two amides (XVIII) resulted in good yields of the mono-
MeOf^
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A, m. p. 154— 156°  A, non-cryst.  A,HI, m. p. 190— 192°





(XXI) ( X X I I )
Aa,HI, m. p. 214— 216°  Aa, m. p. 215— 222°  Aai,2HCI, m. p. 252— 257°
Ab.HI, m. p. 207— 208-5°  Ab, m. p. 195— 196°  Ab2.2HCI. m. p. 250— 270°
Be,HI, m. p. 241— 243°  Be, m. p. 190—197°* -------►  Bei2HCI, m. p. 261— 267°
-------
Bd,HI, m. p. 204— 207°  Bd, m. p. 237— 242°  Bdi,2HCI, m. p. 215— 220°
* Am orphous.
cyclised dihydroisoquinolines (X IX ), isolated as their hydriodides : it will be shown later 
that the possible alternative cyclisation involving the piperidone did not occur. The 
structure of compound (XIX) was confirmed by cyclising isomer A further with phosphorus 
oxychloride to the benzo[a]quinolizinium salt (X X III A) (see below). Hydrogenation of 
compound (XIX) was effected with Adams catalyst in methanol or dilute acid, or with  
Raney nickel or sodium borohydride. Isomer (X IX  A) gave a mixture of products (X X ; 
Aa, 55% and Ab, 45%); similarly, the isomer (X IX  B) gave more (X X ; Be, 55%) 
than (X X ; Bd, 26%).
The hydriodides of bases (XX) were cyclised by phosphorus oxychloride in chloroform 
and toluene in uniformly high yield.
The final step involves reduction of the dehydroemetinium salts (XXI) at the I lb  
centre either catalytically (Adams) or with potassium borohydride. Each dehydro­
emetinium salt (XXI) yielded essentially only one stereoisomer of emetine, isolated as 
their dihydrochlorides which were the most suitable for biological testing. E.g., the salt 
(X X I; Aa) gave the emetine isomer (X X II ; Aa^) in 80% yield. Two isomers are
theoretically possible in these reductions and in some cases a very small am ount of a 
second compound was detected. E.g., in addition to (X X II; A aJ, 5— 10% of a non­
crystalline material considered to be (X X II; Aag) was found by paper chromatography 
and isolated; however, its structure was not established with certainty. In order to 
ensure homogeneity of the isomers (X X II) and to detect ( d z ) -em etine, paper chrom­
atography was employed extensively. B y this means all four isomers Aa^, Abg, Bc^, and 
B di were separated and only one (X X II; Aa^) could not be separated from em etine (see 
Table I). This m ost abundant isomer (X X II ; A aJ was considered to be (d:)-em etine 
on the following evidence. The m elting points of the base, dihydrochloride, and dihydr­
iodide were in close agreement with those of authentic optically active specimens, and 
infrared comparison showed no differences except in the case of tlie dihydrochloride. The 
dihydrochloride of (dz)-Aa^, when tested against E. histolytica in weanling rats by a 
modification of the Jones m ethod, had slightly more than half the activ ity  of (di)- 
emetine dihydrochloride, and the same activ ity  in vitro (see Table I, revised values ^^ ). 
It should be noted that the other stereoisomers of em etine (X X II ; Abo, Bc^, and BdJ do 
not approach this high level of amœbicidal activ ity  in vivo and cannot be considered to be 
(dz)-emetine, in conformity w ith their chromatographic behaviour. Resolution of isomer 
(X X II ; A aJ with two mois, of (J -)-dibenzoyltartaric acid gave the b is-(—)-dibenzoyl- 
tartrate of (Aa^), which was identical with an authentic specimen prepared by Dr. Brossi 
as shown by m. p., m ixed m. p., paper chromatography, infrared spectra, and rotation.
( X X I I  ; A b  2 + A a I )
(XVIIl)




( X X I I I )
A, m. p. 172— 175°.
B, m. p. 185— 188°.
OMe
OMe (XXIV)
From the synthetic b is-(—)-dibenzoyltartrate, the (-f)-dihydrochloride and (J-)-dihydr­
iodide were prepared, and again comparison with authentic specimens showed no differences 
(see p. ). It follows if compound (X X II; Aa^) is (dz)-emetine, then isomer (X X II;
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* These values are; Distance travelled by substance/Distance travelled by emetine, in ethyl 
methyl ketone-2N-aqueous hydrochloric acid on Whatman No. 1 paper, 
t Separation from emetine can be effected.
Abg) is isoemetine as this isomer is epimeric w ith em etine at position I'.
The above work located (Jz)-em etine as being in the A series; in addition, the paper- 
chromatographic, physical, and biological properties of com pound (X X II; Aa^) in relation  
to the other isomers allowed a second approach to  be made, nam ely, the simultaneous
reduction of the two double bonds in tetradehydroemetine (cf. X X III ; A). Cyclisation of 
the amide (XVIII; A) to give a pentacyclic base (X X III; A) was best effected with  
phosphorus oxychloride alone ; alternatively, cyclisation of the base (X IX ; A) gave the 
same iodide hydriodide A of (X X III). Similarly, the isomeric amide (XVIII ; B) gave the 
quaternary salt B of (X X III). Dehydrogenation of a salt of (X X III; A) with mercuric 
acetate, etc., gave (di)-rubremetinium bromide (XXIV) in good yield, and comparison 
with an authentic specimen showed them to be identical. Catalytic reduction (Adams) of 
the chloride hydrochloride derived from (X X III; A) gave (±)-isoem etine (X X II; Abg) 
(in 60% yield), identified by the Rp value, infrared spectrum, and amœbicidal activity  
in vivo. The mother-Iiquor gave mixtures of (di)-isoemetine (Abg) and (d=)-emetine (AaJ, 
as shown by paper chromatography, but the small quantities present did not allow us to 
obtain pure (d:)-emetine by this route. Openshaw and Wood showed that catalytic  
reduction of a tetradehydroemetine salt, probably as (XXIII),^®’^^  gave only isoemetine. 
Reduction with other catalysts under various conditions and with potassium borohydride 
in methanol gave substantially the same result. Catalytic reduction of an isomeric chloride
(XIII)
CHyCOzEc
( X X V )
MeOkv
CHyCOzEc
A, m. p. 154— 156°
B, m. p. 152— 153°
A. m. p. 167— 170°
B. m. p. 168— 170°
( X X V I )
A, m. p. 183— 185'5°
B, m. p. 214— 216-5°
MeOk^
( X X V I I )
A, m. p. 151-5-154-4°
B *  m. p. 154— 155°
( X X V I I I )
(XXII)
A,2HBr, m. p. 197— 204°





* The transformation of (XXVI; B) ^  (XXVII; B) ►{XXVIII; B) ►emetine
isomers (XXII; Bcj) and (BdJ was carried out by Brossi and Schnider.^ ® Their compounds have been 
included in the above chart for completeness. The conditions used by Brossi and Schnider for the 
above reactions were used by us in the corresponding A series.
hydrochloride (cf. X X III; B) gave rise almost certainly to the emetine isomer (X X II; 
Be) as shown by the melting point and paper chromatography, but this was not firmly 
established. Evstigneeva and her co-workers ® obtained a salt (X X III) (m. p. 257—  
258°; A or B?) by a different route which on hydrogenation (Adams) gave an isomer 
considered to be (dz)-emetine, together with a second isomer.
A third approach to the synthesis of stereoisomers of emetine was carried out as shown 
in the flow sheet above. Estérification of the acids (X III ; A and B) gave the correspond­
ing esters, which without isolation were cyclised to give the quaternary iodides (XX V; A 
and B). These on catalytic reduction (Adams) gave in each case only one isomer, isolated
as their hydriodides (X X V I) in 91 and 95% yield respectively. In the case of salt (X X V  ; 
A) m any experim ents were carried out with different catalysts under varying conditions 
and by  chemical reduction, such as potassium borohydride, alkaline sodium d i t h i o n i t e , ^ ^  
formic acid on the anhydro-base,^^ in an attem pt to obtain the other isomer, but in all cases 
only the isomer (X X V I ; A) was obtained; zinc and hydrochloric acid 4^ gave no crystalline 
material. Treatment of salts (X X V I ; A and B) with mercuric acetate gave the dehydro­
esters (X X V ; A and B) in high yield.
Condensing of the amino-acid corresponding to (X X V I ; A) w ith 3,4-dim ethoxyphen­
ethylam ine gave the amide (X X V II ; A). Brossi and Schnider later obtained the amide 
(X X V II; A) from 3-ethyl-I,2 ,3 ,4 ,5 ,6-hexahydro-9,I0-d im ethoxy-2-oxo-lIb//-benzo[a]- 
quinolizine,^'^® identity being provided by  m. p., m ixed m. p., and infrared-spectral com­
parison. The hydriodide, m. p. 227— 228°, of base (X X V II; A) was not identical with  
either hydriodide of base (X X ; Aa or Ab), and this confirms the view  that in our first 
synthesis the direction of m onocyclisation was (X V III) — ► (X IX ). Cyclisation of the 
base (X X V II ; A) w ith phosphorus oxychloride gave (d:)-0-m ethylpsychotrine dihydro­
bromide (X X V III; A) which on hydrogenation (Adams) led to approxim ately equal 
amounts of compounds (X X II; Abg) [( i)-iso em etin e ] and (X X II; A aJ [(d:)-em etine] 
(45, 40% ), whose identities were established by m. p.s, m ixed m. p.s, paper chrom­
atography, and infrared-spectral comparison. Preobrazhenski and his co-workers and 
B attersby and Turner described the isolation of em etine by this route. Both groups 
were using the irans-isom er (X X V II) which corresponds to our A series (cf. van Tamelen  
and his co-workers ®^).
During this work Brossi and Schnider prepared an acid corresponding to (X X V I) by  
a different route. Estérification and exam ination of tfie hydriodide by m. p., m ixed m. p., 
and infrared spectroscopy showed it to be identical with our salt (X X V I ; B). T hey had 
already transformed this b y  w ay of (X X V II; B) and (X X V III ; B) into two em etine 
isomers (X X II) which were shown to be identical with our em etine stereoisomers (X X II ; 
B ci and Bd^) b y  paper chromatography, infrared-spectral comparison, m. p.s, m ixed  
m. p.s, and amœbicidal activ ity  m  vivo.
E x p e r i m e n t a l
5-Ethyl-4L-methyl-2-pyridone (III) and ^Æ thyl-4:-metJiyl-2-pyyidone (IV).—{a) Sodamide (from 
sodium, 5 75 g.), dimethylaniline (22-5 c.c.), and ^-collidine (24-2 g.) were heated at 170° for 
5 hr., then cooled. Methanol, water, and sodium hydroxide solution were added and the 
mixture was extracted 6 times with chloroform. The basic material was distilled (b. p. 80— 
100°/0-7 mm.) to give an oil (1T35 g., 42%), T5562, which was a mixture of 5-ethyl-4-methyl-
2- and -6-aminopyridine. The mixture (10-8 g., 0-079 mole) was dissolved in 2N-sulphuric acid. 
Sodium nitrite (0-079 mole) in water (10 c.c.) was slowly added at 5°, and the whole warmed to 
90° for 0-5 hr., made alkaline, and taken to dryness under reduced pressure. Extraction with 
ethanol yielded on distillation a mixture of pyridones (8-2 g., 75%), b. p. 150—158°/0-9 mm. 
The ^-ethyl-4:-methyl-2-pyridone, which was predominant, crystallised from ethyl acetate as 
plates, m. p. 169-5—172° (Found: C, 70-25; H, 8-2; N, 10-3. CgHuON requires C, 70-1 ; H,
8-1; N, 10-2%), Xjnax. (in H^ O) 230 (log e 3-67), 293 mpi (log e 3-83). After crystallisation from 
ethyl acetate the required 6-eth yl-é-m eth yl-2-pyridon e, m. p. 160-5—161-5°, was obtained in 
low yield as prisms (Found: C, 70-4; H, 7-9; N, 10-65%), (in HgO) 230 (log e 3-81), 298 
(loge 3-77).
(&) (i) To a solution of sodium (2-54 g.) in dry benzyl alcohol (90 c.c.) was added 2,6-di- 
chloro-5-ethyl-4-methylpyridine (18-9 g.). The solution was heated on a boiling-water bath 
for 9 hr., then under reflux for 0-75 hr. The benzyl alcohol was removed, water was added, the 
whole was extracted with ether, and the extract was washed with water and dried (KgCOJ. 
Two distillations gave essentially Q-benzyloxy-2-chloro-Z-eihyl-4:-methylpyridine (VII; R =  
CHgPh) (23-07 g., 88%), b. p. 150°/0-6 mm., 1-5680 contaminated with a certain amount of 
the other isomer (Found: C, 69-3; H, 6-1; N, 5-4; Cl, 13-1. Ci^ H^ gONCl requires C, 68-85; 
H, 6-2; N, 5-35; Cl, 13-45%).
This base (2-5 g.) was hydrogenated (palladium-charcoal) in methanol at room temperature 
and atmospheric pressure, yielding essentially the hydrochloride (0-9 g.), m. p. 161—168°, of
5-ethyl-4-methyl-2-pyridone. This salt yielded a base whence crystallisation from ethyl 
acetate afforded pure 5-ethyl-4-methyl-2-pyridone as prisms, m. p. 160—162°, identical with 
that prepared by method .(a), together with a small amount of the 3-ethyl-4-methyl-2- 
pyridone.
(ii) Potassium (8-6 g.) was refluxed with diphenylmethanol (55-2 g.) in xylene (400 c.c.) in a 
nitrogen atmosphere for 20 hr. 2,6-Dichloro-3-ethy 1-4-methylpyridine (38 g.) was then added 
and refliixing continued for a further 24 hr. The xylene was washed with water and evaporated 
to dryness under reduced pressure. The residue was crystallised twice from methanol, to give
2-chloro-Q-diphenylmethoxy-^-ethyl-4t-methylpyridine (VII; R =  CHPhg) (26-1 g.), m. p. 104— 
105° (Found: C, 75-2; H, 5-95; N, 4-2; Cl, 10-3. CgiHgoONCl requires C, 74-7; H, 6-0; N, 
4-15; Cl, 10-5%). The other isomer, Q-chloro-2-diphenylmethoxy-'i-ethyl-^-methylpyridine was 
isolated in small amount from the mother-Iiquor and after crystallisation from methanol had 
m. p. 94—95° (Found: C, 74-0; H, 5-8; N, 4-0%). The 2-chloro-ether (26-1 g.) in ethanol 
(600 c.c.) and water (10 c.c.) containing sodium acetate (14 g.) was hydrogenated (3 g. of 
palladium-charcoal) at room temperature and atmospheric pressure. This yielded the 5-ethyl- 
4-methyl-2-pyridone (8-57 g.), m. p. 160—161°. In a similar way the other isomer yielded on 
hydrogenolysis the 3-ethyl-4-methyl-2-pyridone.
[c] 2,6-Dichloro-3-ethyl-4-methylpyridine (19 g.) in dry xylene (100 c.c.) was added to 
sodium isopropoxide [from sodium (2-3 g.) in propan-2-ol (75 c.c.)] suspended in xylene (100 c.c.) 
and refluxed for 16 hr. The solution was filtered and the product distilled, to give essentially
2-chloYO-‘è>-ethyl-^-isopYopoxy-^-methylpyYidine (Vll; R =  PP) (17-77 g.), b. p. 78—80°/0-8 mm., 
Yi^  1-5075, contaminated with the other isomer (Found: C, 61-5; H, 7-7; N, 6-45; Cl, 16-6. 
CiiHigONCl requires C, 61-8; H, 7-55; N, 6-6; Cl, 16-6%).
{c') The above chloro-isopropoxypyridine (15-4 g.) in methanol (150 c.c.) was hydrogenated 
in the presence of palladised charcoal (4 g.) and sodium acetate (12 g.) at room temperature and 
atmospheric pressure. The 6-ethyl-2-isopvopoxy-4:-YYiei}iylpyYidine (IX; R =  Pr') (14-73 g.), 
b. p. 132—134°/7-2 mm., was distilled (Found: C, 73-8; H, 9-8; N, 7-55. C^Hi^ON requires 
C, 73-7; H, 9-6; N, 7-8%). This product (2-4 g.) was heated with concentrated hydrochloric 
acid (15 c.c.) in a sealed tube at 118° for 4-5 hr. The resulting 5-ethyl-4-methylpyridone was 
extracted with chloroform and crystallised from ethyl acetate as prisms (47%), m. p. 159-5— 
162°. From the mother-Iiquor 9% of the isomeric pyridone was obtained.
{c") Crude 2-chloro-3-ethyl-6-isopropoxy-4-methylpyridine (42 g.) was refluxed in 48% 
hydrobromic acid (400 c.c.) for 0-5 hr. Hydrobromic acid was removed, and the solution was 
made slightly alkaline with aqueous sodium carbonate. The solid that separated crystallised 
from ethyl acetate and then alcohol, to give Q-chloYO-5-ethyl-4^-Ynethyl-2-pyYidone (9-47 g.), m. p.
174—176° (Found: C, 55-9; H, 5-4; N, 7-8; Cl, 20-8. CgHioONCl requires C, 56-0; H, 5-9; 
N, 8-2; Cl, 20-7%).
The above 6-chloro-2-pyridone (1-55 g.) in methanol (25 c.c.) was hydrogenated at room 
temperature and atmospheric pressure in the presence of sodium acetate (1-5 g.) and palladised 
charcoal (1 g.), yielding 5-ethyl-4-methyl-2-pyridone (0-75 g.), m. p. 159—161°, identical with 
that obtained above.
S-Meihyl-2-pyYidoYie.—Sodium nitrite (3-7 g.) in water (10 c.c.) was added to 2-amino-3- 
methylpyridine (5-0 g.) in sulphuric acid (concentrated acid 5-5 c.c., in water, 42 c.c.) at 5°. 
After 1 hr. at 10° the solution was heated at 90° for 1 hr. Potassium carbonate was added, and 
the solution concentrated to dryness. The residue was extracted with boiling ethanol. The 
ethanol extracts were combined, evaporated, and sublimed at 100°/0-5 mm. to give the pyridone 
(2-7 g.), which on crystallisation from benzene had m. p. 141—143° (Seide gives m. p. 140°), 
Xmax. (in H gO ) 226 (log e 3-84), 295 m(x (log e 3-93).
5-M ethyl-2-pyYidone.—This isomey (2-9 g.) was prepared similarly from 2-amino-5-methyl- 
pyridine (5 g.) and after sublimation at 110°/l-0 mm. and crystallisation from benzene had 
m. p. 184—188° (Found: C, 66-0; H, 6-5; N, 12-8. QH,ON requires C, 66-1; H, 6-5; N, 
12-8%), Xmax. (in HgO) 227 (log e 3-91) ; 303 mp (log e 3-79).
\-{Z,4:-Dimethoxyphenethyl)-5-ethyl-4:-Ynethyl-2-pyYidoYie (X).—5-Ethyl - 4 - methyl - 2 - pyridone 
(2-72 g.) was added to a solution of potassium hydroxide (1-32 g.) in water (1 c.c.) and t-butyl 
alcohol (80 C.C.) , followed by 3,4-dimethoxyphenethyl iodide (5-84 g . ) ,  and the solution was 
refluxed for 4 hr. The butanol was removed, water added, the whole extracted 3 times with
benzene, the extracts were washed with water, and the product converted into the hydrochloride 
(4-28 g.), m. p. 199—201-5° (decomp.) (Found: C, 64-2; H, 7-3; N, 4-0; Cl, 10-5.
C18H23O3N.HCI requires C, 64-5; H, 7-2; N, 4-15; Cl, 10-5%).
The pyridon e, obtained from the hydrochloride separated from ethyl acetate-ether as 
prisms, m. p. 72—75-5° (Found: N, 4-7. C^ gH^ gOgN requires N, 4-65%).
E th y l \-{3 ,4:-D im ethoxyphenethyl)-5-ethyl-l,2-dihydro-2-oxo-4:-pyridylpyruvate (XT).—Absolute 
ethanol (2-85 c.c.) was added dropwise to potassium (0-43 g.) under dry ether (10 c.c.), followed 
by ethyl oxalate (1-6 g.) in ether (6 c.c.) at 0°. The pyridone (X) (3-01 g.) in dry benzene (40 c.c.) 
and ether (140 c.c.) was added and the solution refluxed for 24 hr. After cooling to 0° for 4 hr. 
the yellow potassio-salt (3-01 g., 85% based on pyridone used) was filtered off and washed with 
ether. Treatment of this salt with 2N-sulphuric acid, extraction with chloroform, and crystallis­
ation from ethyl acetate gave the ester, m. p. 14T5—142-5° (Found: C, 65-7; H, 7-0; N, 3-4. 
C^ gHg^ OgN requires C, 65-8; H, 6-8 ; N, 3-5%).
The potassio-salt of the pyruvate (3 g.) in 10% aqueous sodium hydroxide (12-4 c.c.) was 
kept at 0° for 18 hr. A small amount of ice was added, followed by 30% hydrogen peroxide 
(2-41 c.c.) ; after 24 hr. at 0° a further quantity of hydrogen peroxide (T03 c.c.) was added. 
After a further 24 hr. at 0° manganese dioxide (0-1 g.) was added, the mixture was filtered, and 
the filtrate made slightly acid with hydrochloric acid and extracted with chloroform. Treat­
ment of the product with ethereal hydrogen chloride gave the acetic acid hydrochloride (cf. Xll) 
which crystallised from methanol-ether as prisms (1-92 g., 76-5%), m. p. 160-5—162-5° 
(decomp.) (Found: C, 59-3; H, 6-7; H, 3-3. CigHg.OgHCl requires C, 59-8; H, 6-3; N, 3-7%). 
The free acid (obtained from the hydrochloride) and crystallised from methanol had m. p. 154° 
(decomp.) (Found: N, 4-2. CigHg^ OgNCl requires N, 4-1%), X,„ax. (in^  2n-HC1) 228, 285, and 
303 m[x (log E 3-99, 3-68, and 3-71 respectively).
l-{^,4:-D im ethoxyphenethyl)-5-ethyl-2,4:-dioxopiperidine (XVI).—The 2,4-dioxopiperidine was 
prepared by Ban’s method  ^ with some improvement of yield and crystallisation of inter­
mediates. 3,4-Dimethoxyphenethylamine was condensed with formaldehyde and ethyl- 
malonic acid to give the Mannich base, m. p. 157—158°. Decarboxylation was then effected 
in 60% acetic acid to give a-(3,4-dimethoxyphenethylaminomethyl)butyric acid, m. p. 155— 
156° (Found : C, 64-1; H, 8-2; N, 4-9. Calc, for C15H23O4N: C, 64-2; H, 8-2; N, 4-9%), the 
overall yield for the two steps being 75%. Estérification of the acid with ethanol and 
hydrogen chloride, followed by treatment with the acid chloride of ethyl hydrogen mal on ate 
gave ethyl a-[V-(ethoxycarbonylacetyl)-A-(3,4-dimethoxyphenethyl)aminomethyl]butyrate. 
Dieckmann cyclisation, by sodium in xylene, of the diester, hydrolysis by 10% acetic acid, and 
decarboxylation gave the ketone as a crystalline ethanol solvate, m. p. 38—40°, in 62% overall 
yield (Found: C, 65-3; H, 8-1; N, 4-2. Ci7H2304N,CoHg-OH requires C, 64-95; H, 8-3; N,
4-0%).
\-{^,4L-D im ethoxyphenethyl)-6~ethyl-\,2-dihydro-2-oxo-4:-piperidylacetic A c id s  (XIIIA and  B). 
—(i) 1 -(3,4-Dimethoxyphenethyl)-5-ethyl-1,2-dihydro-2-oxo-4-pyridylacetic acid (6-91 g.) was 
hydrogenated in methanol (400 c.c.) in the presence of Adams catalyst (0-3 g.) at room temper­
ature and atmospheric pressure. After 2—3 days the slow uptake of hydrogen ceased [ca. 
2 mol.). The acetic acid (A) separated from methanol as prisms (4-56 g., 70%), m. p. 154— 
156° (Found: C, 65-2; H, 8-35; X, 4-5. C19H27O5N requires C, 65-3; H, 7-8; N, 4-0%).
From the mother-Iiquor, on concentration, the acid (B) separated as prisms (0-94 g., 14%), 
m. p. 152—153°. A mixed m. p. between A and B gave a marked depression (m. p. 130— 
135°) (Found: C, 65-3; H, 7-9; N, 3-9. C19H27O5N requires C, 65-3; FI, 7-8; N, 4-0%).
(ii) l-(3,4-Dimethoxyphenethyl)-5-ethyl-2,4-dioxopiperidine ethanol solvate (70-3 g.,
0-2 mole), dry cyanoacetic acid (39 g., 0-459 mole), dry ammonium acetate (5 g.), and glacial 
acetic acid (5 ml.) were dissolved in benzene (500 ml.) and refluxed in a Dean and Stark ap­
paratus at 110° for 3 hr. Cyanoacetic acid (12 g., 0-141 mole), ammonium acetate (3 g.), and 
glacial acetic acid (5 ml.) were added and the whole was refluxed for a further 4 hr. Ammonium 
acetate (3 g.) was added and the mixture refluxed for a further 6 hr., then the bath-temperature 
was raised to 120°, the benzene distilling. The residual syrup was heated in the bath for a 
further 12 hr. at 120°, dissolved in benzene (200 ml.), washed 3 times with 2N-sodium carbonate, 
then with water, dried (Na2S04), and evaporated. The mixture of unsaturated nitriles (XVII) 
(80 g.) was dissolved in absolute alcohol (600 ml.), saturated with hydrogen chloride at 0°, and 
refluxed for 2^  hr. with continued passage of hydrogen chloride. The alcohol was removed and 
water {ca. 300 ml.) added. The solution was extracted 3 times with benzene, washed twice
with 2N-sodium carbonate, and dried (Na^SOJ. The benzene was removed, and the resulting 
ethyl esters (75 g.) were hydrogenated in methanol (650 ml.) at room temperature and atmospheric 
pressure in the presence of Adams catalyst (0-5 g.) (uptake 4-4 1.) (theor. 4-0 1.). The catalyst 
was removed, and the solution was concentrated to ca. 600 ml., treated with potassium hydroxide 
(20-7 g.) in water (20 c.c.), and refiuxed for 3^  hr.; water was then added and the methanol 
removed under reduced pressure. The aqueous solution was acidified, extracted 3 times with 
chloroform, dried (Na^ SO^ ), and co-distilled twice with methanol ; the residue was dissolved in 
methanol (300 ml.) and the first main crop was the almost pure acetic acid A. Fractional 
crystallisation of the mother-Iiquor gave a total amount of the pure A isomer, m. p. 154—156° 
[identical with A prepared as in (i)] (39-49 g., 56-5%). The isomer (B), m. p. 152—153° (8-34 g., 
12%), was identical with the B isomer prepared in experiment (i). When the original Ban 
process  ^was attempted the gummy mixture of acids at the end yielded only a trace of acetic 
acid A after being seeded with our crystalline material.
'N-{3,4:-Dimethoxyphenethyl)-oL-[l-{‘S,4:-dimeihoxyphenethyl)-5-ethyl-2-oxo-4:-piperidyl]acetamide 
(XVIII; A and B).—The acetic acid (XIII; A) (2-79 g.) was treated in dry dimethylformamide 
(25 c.c.) at 0° with triethylamine (0-85 g.), followed by ethyl chloroformate (1-12 g.) in dry 
dioxan (4 c.c.) at —30° during 10 min. The mixture was kept at —30° for a further 5 min. 
and at —10° for 10 min. Then 3,4-dimethoxyphenethylamine (1-6 g.) and triethylamine 
(0-85 g.) in dimethylformamide (20 c.c.) were added during 10 min. with stirring, and the mix­
ture was kept at room temperature overnight. The solution was concentrated to a thick 
syrup, dissolved in chloroform, and washed with 2N-hydrochloric acid, 2N-sodium carbonate, 
and water and dried (Na^SOJ. This yielded a pale yellow gum (quantitative yield) which did 
not crystallise. In a similar way the acetic acid (XIII; B) was also converted into the amide 
(XVIII; B). Compounds of similar structure have been prepared by a different route by 
Evstigneeva et a l., ’^ also non-crystalline.
4-{3,4-Dihydro-G, 1-dim ethoxy-1 -isoquinolyhnethyl)-1 -(3,4-dimethoxyphenethyl) -5 - ethyl-2-piper- 
idone H ydriodides (cf. XIX; A and B).—The amide (XVIII; A) [prepared from the corre­
sponding acetic acid (XIII; A) (5-28 g.)] was treated in dry refluxing toluene (140 c.c.) with 
phosphoric oxide (50 g.) for f  hr. Further oxide (50 g.) was added and refluxing continued for 
a further 1^  hr. The toluene was decanted and the residual material added to ice. The 
solution was extracted with ether, and aqueous potassium iodide was added. The hydriodide 
was extracted three times with chloroform, dried, and evaporated. The residue crystallised 
from methanol-ethyl acetate as yellow prisms [8-05 g. ; 85% for the two steps from (XIII; 
A)], m. p. 190—192° (Found: C, 56-15; H, 6-5; N, 4-5. CagHggOgNg.Hl requires C, 56-0; H,
6-3; N, 4-5%). X^ax. (m HgO) 230, 287 sh, 303, and 354 mV (log e 4-44, 3-81, 3-96, and 3-95 
respectively). The base crystallised from ethyl acetate as pale yellow prisms, m. p. 122-5— 
124° (Found: C, 70-2; H, 7-8; N, 5-35. CggHggOgNg requires C, 70-4; H, 7-7; N, 5-7%).
A similar result was obtained by using polyphosphoric acid instead of phosphoric oxide, 
although the yield was lower.
Similarly the amide (XVIII; B) was cyclised to give the corresponding hydriodide, m. p. 
195-5—197-5°, as yellow prisms (from methanol-ethyl acetate) [76% yield (from XIII ; B)] 
[mixed m. p. with (XIX; A) 187—189°] (Found: C, 56-25; H, 6-2; H, 4-3%].
l-(3 : 4-Dim ethoxyphenethyl)-6-ethyl-4-{\,2,^ ,4-tetrahydro-& ,l-dim ethoxy- \-isoqu in olylm eth yl)-
2-piperidone H ydriodides [XX; Aa, Ab, (Be), and (Bd)].—The hydriodide (5-0 g.) of base (XIX; 
A) was hydrogenated in methanol (75 c.c.) with Adams catalyst (0-1 g.) at room temperature 
and atmospheric pressure until one mol. had been absorbed. The solution was filtered and 
concentrated; on cooling, the hydriodide (cf. XX; Aa) separated as colourless prisms (2-6 g., 
51-8%), m. p. 214—216° (Found: C, 55-5; H, 6-6; N, 4-4. Co9H4o05N2,HI requires C, 55-8; 
H, 6-6; N, 4-5%), X^ax. (in HgO) 226 and 280 m(x (log e 4-43 and 3-74). On concentration the 
second hydriodide (cf. XX ; Ab) was obtained which after two recrystallisations separated from 
methanol-ether as pale yellow plates (2-05 g., 41%), m. p. 207—208-5° [mixed m. p. between 
(Aa) and (Ab) 203—208°] (Found: C, 56-3; H, 6-6; N, 4-5; I, 20-9%).
The amide hydriodide (cf. XIX; B) (4-26 g.) was reduced with potassium borohydride 
(1-0 g.) in methanol (100 c.c.) at room temperature to give two stereoisomers (XX; Be and Bd). 
The hydriodide (cf. XX; Be) (2-02 g., 55%) separated from methanol, in which it was sparingly 
soluble, as yellow plates, m. p. 244—246°. Catalytic reduction with Adams catalyst in methanol 
raised the amount to 82% (Found: C, 55-6; H, 6-8; N, 4-8%). From the mother-Iiquor of the 
potassium borohydride reduction, the epimer (XX; Bd) was isolated as the hydriodide after
several crystallisations from methanol-ether as pale yellow clumps (1-21 g., 26%), m. p. 203— 
205° (Found: C, 56-3; H, 7-0; N, 4-7%).
3-E ihyl-\,2 ,2 ,4:,Q ,'l-hexahydyo-Q ,l0-dim ethoxy-2-{l,2 ,^ ,4:-tetrahydro-G ,l-d im ethoxy-2-isoquinol- 
ylm ethyl)benzo[3.]quinolizinncm  Iodide H ydriod ides (cf. XXI; Aa, Ab, Be, and Bd).—The 
reduced hydriodide (cf. XX, Aa) (4-0 g.) was dissolved in dry chloroform (40 c.c.) of which 
5 c.c. were removed by distillation. Dry toluene (30 c.c.) and phosphorus oxychloride (14 c.c.) 
were added and the solution was refluxed on a water-bath for 0-5 hr. The reagents were 
removed and the resulting red gum was dissolved in hot water (4 extractions) to which potass­
ium iodide was added and the iodide hydriodide was extracted with chloroform and crystallised 
from methanol as yellow prisms (3-8 g., 81%), m. p. 215—222° (decomp.) (Found: C, 47-9; 
H, 5-4; N, 3 7. QgHggO^NgTHI requires C, 47-4; H, 5-5; N, 3-8%).
The reduced hydriodide (cf. XX; Ab) (2-4 g.) was cyclised in a similar way. The resulting 
iodide hydriodide separated as yellow prisms, m. p. 195—196° (2-25 g., 79%) (Found: C, 47-2; 
H, 5-7; N, 3-6%). An air-dried sample had m. p. 186—193° with softening at 180° (Found:
C, 45-9; H, 5-7; N, 3-8; 1,34-0; H^ O, 4-1. QgHggO^NgTHTl-SHgO requires C, 45-7; H, 5-7;
N, 3-6; I, 33-3; HoO, 3-5%), (m HgO) 227, 290, 302-5, and 350 m [i (log e 4-7,
3-8, 3-88, and 3-9).
The isom er (XXI ; Be) was obtained in a similar manner in good yield but did not crystallise. 
The amorphous salt separated from ethanol as a yellow solid, m. p. 190—197° (Found: C, 46-3; 
H, 5-1; N, 3-9; I, 34-6. QgHggO^ NgTHTO 5H2O requires C, 46-9; H, 5-5; N, 3-8; I, 34-2%).
The iodide hydriodide (XXI; Bd) was obtained in 70% yield as pale yellow crystalline 
nodules (from ethanol), m. p. 237—242° (Found: C, 46-95; H, 5-5; N, 3-65; I, 34-1%).
2-{Z ,4 -D ih ydro-Q ,l-d im eth oxy-\-isoqu in o ly lm eth yl)-^ -eth yl-\,2 ,^ ,4 ,Q J-h exah ydro-^ .lQ -d im eth -  
oxybenzo[ai\quinolizinnim  Iodide H ydriod ide [Tetradehydroem etin ium  Iodide H ydriodide) (XXIII ; 
A).—(a) l-(3,4-Dimethoxyphenethyl)-5-ethyl-l,2-dihydro-2-oxo-4-piperidylacetic acid (XIII; 
A) (0-69 g.) was converted into the amide (XVIII; A), which was dissolved in phosphorus 
oxychloride (13 c.c.), and heated at 95° for 0-5 hr. The excess of reagent was removed and the 
gum, after being washed once with light petroleum, was dissolved in ethanol and water and 
treated with excess of potassium iodide. The iodide hydriodide was extracted with chloroform 
and crystallised from methanol as yellow prisms, m. p. 172—175° (1-10 g., 75%) (Found, in 
air-dried sample : C, 44-2; H, 5-95; N, 3-5; I, 33-0; loss on drying 6-0. C2gHg704N2l,HI,2-5H20
requires C, 44-8; H, 5-6; N, 3-6; I, 32-65; 2-5HgO, 5-8. Found, in dried sample: C, 48-1 ;
H, 5-4; N, 3-7; I, 34-9. CggHg^ O^ NgTHI requires C, 47-6; H, 5-2; N, 3-8; I, 34-65%), X^ ax. 
(in HgO) 227, 240 sh, 305, 354 (log e 4-6, 4-52, 4-20, and 4-19).
(ii) 4 - (3,4 - Dihydro - 6,7-dimethoxy - 1 -isoquinolylmethyl) - 1 - (3,4- dimethoxyphenethyl) -5- 
ethyl-2-piperidone hydriodide (cf. XIX; A) (2-0 g.) was cyclised in chloroform (10 c.c.), toluene 
(11 C.C .) ,  and phosphorus oxychloride (7 c.c.) at 95° for 0-75 hr. The iodide hydriodide 
was obtained as described above as yellow prisms (2-07 g.; 87%), m. p. and mixed m. p.
175—177°.
The acetic acid (XIII; B) (0-69 g.) was converted into the amide (XVIII; B), as in the 
example above, and cyclised with phosphorus oxychloride (2 c.c.) and toluene (10 c.c.) for 
15 min. The product (XXIII ; B) crystallised from methanol as the sparingly soluble iodide  
hydriodide (0-36 g., 66%), m. p. 185—188°, yellow prisms (Found: C, 47-6; Hj 5-75; N, 3-6;
I, 34-1. CggHg^ O^ NgTHI requires C, 47-6; H, 5-2; N, 3-8; I, 34-65%), X^ ax. (in HgO) 227, 
240 sh, 305, 354 mp (log e 4-80, 4-51, 4-20, 4-18 respectively).
2 -E th o x yc a rb o n y lm e th y l-Z -e th y l-1,2 ,3,4,6,7 - h ex a h yd ro ,\0 -d im eth o x y b en zo [a ]q u in o liz in iu m  
Iodide [X^XY; A).—(i) l-(3,4-Dimethoxyphenethyl)-5-ethyl-2-oxo-4-piperidylacetic acid (XIII; 
A) (1-05 g. ; m. p. 155-5—157°) was esterified with absolute ethanol (30 c.c.) and hydrogen 
chloride at room temperature for 18 hr. The ethanol and hydrogen chloride were removed 
and the resulting ester hydrochloride was cyclised in toluene (5 c.c.) by phosphorus oxychloride 
(3 c.c.) at 95° for 0-5 hr. The quaternary iodide, prepared in the usual way, was extracted with 
chloroform and crystallised from ethanol-ethyl acetate with a few drops of ether, as yellow 
needles (1-26 g., 86%), double m. p. 135—140° and 167—170° (Found: C, 51 8; H, 6-0; N, 2-9; 
I, 26-4. CgiHggO^ NI requires C, 51-75; H, 6-2; N, 2-9; I, 26-0%), X^ ax. (in HgO) 235, 302, and 
348 mp (log e 4-34, 4-0, and 4-1).
(ii) The hydriodide (XXVI; A) (1-2 g.) was treated in methanol (5 c.c.) with excess of 2n- 
sodium carbonate, and the base extracted with ether, recovered, and heated in glacial acetic 
acid (30 c.c.) with mercuric acetate (2-4 g.) at 60° for 2-5 hr. Mercurous acetate separated after
10 min. The solution was cooled, diluted with water, and filtered. The filtrate was treated 
with hydrogen sulphide, the metal sulphide was filtered off, and the filtrate concentrated to 
50 c.c. and acidified with hydrochloric acid. Potassium iodide was added and the quaternary 
iodide ester was extracted with chloroform and crystallised from methanol-ether as yellow 
plates (0*94 g., 78%), m. p. and mixed m. p. 170-5—171-5°.
Similarly the acetic acid (XIII; B) (2-52 g.) gave the ester iodide (XXV; B) as yellow 
prisms (3-01 g.) (from methanol-ethyl acetate-ether), m. p. 168—170° (Found: C, 52-35; FI,
6-1; N, 2-9%).
Also the qiiinolizine hydriodide (XXVI; B) (0-27 g.) was dehydrogenated with mercuric 
acetate in acetic acid to give the ester iodide (XXV; B) (0 20 g.), m. p. and mixed m. p. 
168—170°.
2-Ethoxycarbonylmethyl-^-ethyl -1,2,3,4,6,7 - hexahy dr o -9,10-dimethoxy -1 IbH - benzo[ai]quinol- 
izine H ydriodide (XXVI; A).—(i) ITe iodide ester (XXV; A) (0-97 g.) was hydrogenated in 
methanol (10 c.c.) with Adams catalyst (0-2 g.) at room temperature and atmospheric pressure. 
After filtration, concentration, and dilution with ether, the hydriodide separated as colourless 
needles (0-89 g., 91%), double m. p. 163—165° and 183-5—184-5° (Found: C, 51-5; H, 6-3; 
N, 3-0; I, 26-3. QJIgiO^N.FlI requires C. 51-5; H, 6-6; N. 2-9; I, 25-9%).
(ii) Flie iodide ester (XXV; A) (1-22 g.) was dissolved in methanol (40 c.c.) and saturated 
aqueous sodium hydrogen carbonate (40 c.c.) and treated at room temperature with sodium 
dithionite (4-0 g.) in two portions during 0-5 hr. The solution was left overnight, made strongly 
alkaline with 2N-sodium hydroxide, and extracted with ether. The hydriodide of the extracted 
base separated from ethanol as needles, m. p. 180—184° (1-02 g., 83%), identical with the 
previous preparation.
(iii) The iodide ester (1-2 g.) was treated in methanol (5 c.c.) with 2N-aqueous sodium 
carbonate. The anhydronium base was extracted with ether, dried (KgCOJ, and recovered. 
To it was added 98% formic acid (0-17 g.) and the whole was kept at 60° for 2-25 hr., then 
dissolved in 2n-hydrochloric acid. Potassium iodide was added. I'he hydriodide crystallised 
from methanol-ether as needles, m. p. and mixed m. p. 178—181° (1-0 g., 82%).
The isomeric iodide ester (XXV; B) (2-25 g.) was hydrogenated as described in (i) above. 
The hydriodide (2-17 g.) separated from methanol-ether as needles, m. p. 214-5—216-5° (Found:
C. 51-8; H, 6 7; N, 2-9%).
A sample of the acid (m. p. 170—171°) corresponding to structure (XXVI) obtained from 
Drs. Brossi and Schnider was esterified with ethanol and hydrogen chloride at room temper­
ature ; the ethyl ester was characterised as the hydriodide and crystallised from methanol-ether 
as needles, m. p. 214—216°. A mixed m. p. with the above sample showed no depression and 
infrared comparison of the two samples showed them to be identical (Found: C, 52-0; FI, 6-6; 
N, 3-0%).
2-[X -{‘i,4-D im ethoxyphenethyl)carbam oylm ethyr\-^-ethyl-l,2,^ ,4,Q ,l-hexahydro-^,l(i-dim ethoxy- 
\\hH -benzo\?i\quinolizirie (XXVII; A).—The ester hydriodide (XXVI; A) (2*44 g.) was 
hydrolysed with aqueous-alcoholic 10% potassium hydroxide (30 c.c.) at 95° for 2 hr. The 
alcohol was removed, the pH of the solution adjusted to pH 7, and the acid extracted 
with chloroform. The gummy acid was refluxed with 3,4-dimethoxyphenethylamine (1-8 g.), 
acetic acid (0-2 c.c.), and ammonium acetate (0-2g.) in xylene (30 c.c.), in a Dean-Stark apparatus 
with separation of water, for 12 hr. The xylene was removed, water added, and the yellow 
solid filtered off and washed with water and ether. The amide separated from ethyl acetate as 
needles, m. p. 151-5—154-5° (1-58 g., 64%) (Found: C, 70-2; H, 8-1 ; N, 5-6. C^ gH^ gOgNg 
requires C, 70-1; H, 8-1; N, 5-6%). The hydriodide had m. p. 227—228°. An amide of 
the same structure (XXVII ; A) was later prepared by Brossi and Schnider by a different 
route and had m. p. and mixed m. p. 152—154°; infrared comparison in Nujol showed them 
to be identical.
2-{3,4-D ihydro-Q ,l-dim ethoxy-2-isoqitinolylm ethyl)-Z-ethyl-1,2 ,^ ,4 ,6 ,1-hexahy dro-Q ,1 0 -dim eth- 
oxy-llhH -benzolsijquinolizine Dihydrohromide (XXVIII, A ) [[± :)0-M ethylpsychotrine].—The 
amide (XXVII ; A) (2-42 g.) was heated in benzene (40 c.c.) with phosphorus oxychloride 
(6 c.c.) for 0-5 hr., whereupon a red oil separated. The solvent was removed and the residue 
dissolved in water and basified with 2N-sodium carbonate. The base was extracted with 
ether (3 times) and converted into the dihydrobromide which separated from methanol-ether as 
yellow nodules (2-25 g., 68%), m. p. 197—204°, softens at 195° [(-j-)-0-Methylpsychotrine di­
h y d r o b r o m id e  7^ has m. p. 190—200°] (Found, in air-dried specimen: C, 51-4; H , 6-25; N ,
4-4. QgHggO^Ng.SHBr.SHgO requires C, 51-5; H, 6-6; N, 4*1%). Drying at 100° did not 
remove the water of crystallisation and the same analysis was obtained.
[Az)-Em etine (XXII; AaJ and its  R esolu tion: Stereoisom ers (XXII; Abg, Bc^ , BdJ.— 
Is^  Route. R eduction o f  stereoisomers o f  dehydroem etinium  salts (XXI). (i) (d:)-Emetine 
(XXII; AaJ. Dehydroemetinium iodide hydriodide (XXI ; Aa) (1 46 g.) was converted into 
the chloride hydrochloride by shaking it with silver chloride in aqueous methanol, and the 
solution was filtered and evaporated to dryness. The residue was dissolved in methanol 
(20 c.c.) and hydrogenated with Adams catalyst (0-2 g.) at room temperature and atmospheric 
pressure. After rapid uptake of 1 mol. of hydrogen the solution was filtered and ether was 
added. The dihydrochloride (10 g.) of base (XXII; AaJ crystallised as prisms, m. p. 252— 
257° (sinters at 247°). A mixed m. p. with ( +  )-emetine dihydrochloride gave no depression. 
An infrared comparison in Nujol showed the two to be very similar but not identical (Found: 
C, 59 5; H, 7 9; N, 5 4; Cl, 12 4. CggH^ gO^ Ng,2HC1,2H2O requires C, 59 1; H, 7-9; 
N, 4 75; Cl, 12-0%. Found, in sample dried at 100°: C, 61-9; H, 7-7; N, 5-0. 
C29H4oO^ N2,2HC1.0-5H20 requires C, 61-9; H, 7-7; N, 5-0%). The dihydriodide, obtained by 
treatment of an aqueous solution of the dihydrochloride with sodium iodide, separated from 
methanol as woolly needles, m. p. 227—228°. A mixed m. p. with (-}-)-emetine dihydriodide 
(m. p. 228—229-5°; lit.,^ » m. p. 215—216°, 228—230°, 235—238°) showed no depression and a 
comparison of the two salts’ infrared spectra showed no difference (Found in air-dried sample : 
C, 45-0; H, 5-6; N, 3-7; 1,32-5; HoO, 4-3. C2gH4o04N2,2HI,2HaO requires C, 45 1; H, 5-7; 
N, 3-6; I, 32-85; HgO, 4-9. Found, in sample dried at 100°: C, 47-3; H, 5-2; N, 3-9; I, 34-5. 
C29H4o04N2,2HI requires C, 47-2; H, 5-7; N, 3-8; I, 34-5%). The base, derived from an 
aqueous solution of the hydrochloride by treatment with alkali, was a colourless amorphous 
solid, m. p. 68—70° (meniscus at 74°). A mixed m. p. with ( — )-emetine (m. p. 74°) gave no 
depression and the infrared spectra (in CSo) of the two were identical. The (d:)-base (XXII; 
Aa^ ) (0-5 g.) in methanol was treated with (-|-)-dibenzoyltartaric acid (0-57 g., 2 mol.) in 
methanol-ethyl acetate: ethyl acetate was then added to turbidity and the solution seeded 
with the authentic salt. The { — )-em etine b isdibenzoyltartrate slowly crystallised and after two 
recrystallisations from methanol-ethyl acetate had m. p. 182—182-5° (decomp.), —61-4°
±0-5° [c 1-002 in MeOH). An authentic specimen had m. p. 180—181°, —62° {c TOO in
MeOH) ; a mixed m. p. gave no depression and the infrared spectra were identical (Found : C, 
64-6; H, 6-5; N, 2-7. C29H4o04N2,C38H280ic,H20 requires C, 64-9; H, 5-9; N, 2-3%). The
( —)-base, obtained from this salt, with hydrochloric acid and sodium iodide gave the ( +  )-di- 
hydriodide (sparingly soluble in water), needles (from methanol-ether), m. p. 228—230° (sinters 
at 225°), +26-25° +1-75° (c 0-571 in chloroform). An authentic sample had m. p. 228—
229°, +22-2° +0-9° (in chloroform) (Found, in sample dried at 100°: C, 46-5; H, 5-8; I,
33-7. Calc, for C29H4o04No,2HI,H20: C, 46-2; H, 5-9; I, 33-65%). In addition the ( +  )di- 
hydrochloride was prepared from the ( — )-dibenzoyltartrate in 82% yield, as needles (from 
methanol-ethyl acetate-ether), m. p. 235—250°, [a]^ J® +44-85° +0-95° (c 1-07 in chloroform). 
An authentic specimen had m. p. 235—250°, +46° (in chloroform) {lit.,^ ® m. p. 235—250°,
[a]p^ ® +55° (in chloroform)} (Found: C, 57-0; H, 8-35; N, 4-4; HgO, 8-0. Calc, for
C29H4o04N2,2HC1,3H20: C, 57-3; H, 8-0; N, 4-6; H^ O, 8-9%). A mixed m. p. between these 
salts and authentic samples gave no depression and the infrared spectra (in KBr) of each pair 
were identical.
From the mother-Iiquor, after removal of a further small amount of the dihydriodide of 
base (XXII; Aa^ ), the second isomer (cf. XXII; Aa^ ) was obtained only as amorphous salts. 
The dihydrochloride had m. p. 235—240° (Found: C, 60-0; H, 7-5; N, 4-9; Cl, 12-6.
C29H4o04N2,2HC1,H20 requires C, 60-95; H, 7-8; N, 4-9; Cl, 12-4%).
(ii) The dehydroemetinium iodide hydriodide (XXI ; Ab) (1-80 g.) was converted into the 
chloride hydrochloride and reduced as described above. The dihydrochloride of base (XXII; 
Ab2) crystallised readily as prisms (0-8 g.), m. p. 250—270°, softening at 240° (Found, in air-dried 
sample: C, 60-35; H, 8-3; N, 4-5. C29H4g04N2,2HCl,H20 requires C, 60-95; H, 7-8; N,
4-9%). This stereoisomer was examined by paper chromatography by the method described 
below and was found to be homogeneous and readily separated from emetine.
(iii) (a) The amorphous dehydroemetinium iodide hydriodide (XXI; Be) (0-8 g.) in methanol 
(10 c.c.) was treated portionwise with sodium borohydride (1-0 g.) at 20°. After 0-5 hr. the 
solvent was removed and the residue treated with 2N-sodium carbonate and benzene. The 
benzene extracts were washed with water, then evaporated, and the product was converted into
the dihydrochloride of base (XXII ; Bc^ ). This salt crystallised from methanol-ether as colour­
less prisms (0-28 g.), m. p. 261—267° (sinters at 258°). It can be separated readily from emetine 
by paper chromatography in the usual solvent system, and gave only one spot (Found, in air- 
dried sample; C, 59-3; H, 7-7; N, 4-8; CI, 12-1. C29H4o04N2,2HCl,2H20 requires C, 59-1 ; H,
7-9; N, 4-75; Cl, 12-0%). The other epimer was not obtained. Comparison with an emetine 
isomer prepared by Drs. Brossi and Schnider by m. p., mixed m. p., paper chromatography, 
toxicity, amœbicidal evaluation in  vivo, and infrared spectroscopy showed them to be identical.
[b) 'I'he amorphous dehydroemetinium iodide hydriodide (XXI ; Be) (2-0 g.) was converted 
into the chloride hydrochloride in water and methanol with silver chloride (from 0-25 g. of silver 
nitrate) and hydrogenated in methanol (30 c.c.) with platinum oxide (0-18 g.). The solution 
was filtered, concentrated and diluted with ether and hydrochloric acid (0-1 c.c.). The di- 
hydrochloridc of base (XXll; BcJ separated as prisms (0-8 g.), in. p. 267—274° (decomp.), 
identical with the above specimen on paper chromatography.
(iv) Dehydroemetinium iodide hydriodide (XXI; Bd) (0-75 g.) was treated in methanol 
(15 c.c.) with potassium borohydride (0-3 g.) at 0°. The product was isolated after 1 hr. at 20° 
as the dihydrochloride of base (XXII ; Bd), prisms (0-17 g.) (from methanol-ether), m. p. 215— 
220° (Found, in air-dried sample: C, 55-0; H, 7-8; N, 4-5; CI, 11-9; loss on drying at 100°, 8-1. 
€..91-14004X2,21-101,4-5H.P requires C, 54-8; 11,8-1; N, 4-4; €1,11-1; SHgO, 6-75. Found, in 
sample dried at 100° : €,60-0; Tl, 7-6; N, 4-9. €29114004X2,2H€1,1-5H20 requires €, 60-0; H,
7-8; X, 4-8%). Paper chromatography gave a single spot, easily separated from that of the 
salts of emetine and (XXII ; BcJ. This isomer (BdJ was also obtained by Drs. Brossi and 
Schnider and m. p., mixed m. p., infrared spectroscopy, and paper chromatography showed 
them to be identical.
2nd Route. From stereoisomers of tetradehydroemetinium salts (XXIII). (i) Salts o f bases 
(XXII; Abg and AaJ. Tetradehydroemetinium iodide hydriodide (XXIII; AJ (2-07 g.) was 
shaken in hot water (75 c.c.) with silver chloride (from silver nitrate, 2 g.). The resulting 
chloride hydrochloride in methanol (20 c.c.) was reduced catalytically with platinum oxide 
(0-1 g.) at room temperature and pressure. After two mois, of hydrogen had been taken up 
the solution was filtered, concentrated, and diluted with ether. The dihydrochloride of base 
(XXII; Aba) separated as prisms (TO g., 60%), m. p. 245—260°, sinters 235°. Paper chrom­
atography gave a single spot identical with that of isomer (Abg) obtained as described above. 
This identity was confirmed by the amœbicidal activity (Found: €, 60-43; H, 7-75; X, 4-6; 
€1, 12 2. €29X4904X2,2H€l,HgO requires €, 60-95; H, 7-8; X, 4-9; €1, 12-4%). The mother-
Iiquor yielded on concentration two small further crops of dihydrochlorides which were mixtures 
(XXII ; Aaj and Abg). Unfortunately (Aa^ ) was present in only very small amounts and could 
not be purified.
Sodium borohydride reduction in methanol gave isomer (Abg) in 50% yield.
(ii) Salt o f base ÇK.X11] BcJ. The tetradehydroemetinium iodide hydriodide (XXIII; B) 
(0-5 g.) was converted into the chloride hydrochloride and hydrogenated in methanol (25 c.c.) 
with platinum oxide (0-1 g.). The dihydrochloride produced crystallised as prisms (0-15 g.), 
m. p. 255—265°, and had the same value as (XXII; BcJ with which on this basis it was 
considered to be identical.
^rd Route. From [± )-0-m ethylpsych otrin e { X X Y l l l \  A). Salts o f bases [XXII- ,  Aa^  aW 
Abg). (±)-0-Methylpsychotrine dihydrobromide (XXVIII; A) (2-25 g.) was hydrogenated 
(1 mol.) in methanol (50 c.c.) with Adams catalyst (0-2 g.). The solution was then warmed and 
filtered. The alcohol was removed, water and 2N-sodium carbonate were added, and the base 
was extracted with ether and converted into mixed dihydrochlorides. €rystallisation from 
methanol-ether gave the dihydrochloride of base (XXII; Ab2) as needles (0-88 g., 45%), m. p. 
249—263° (Found, in sample dried at 100°: €,62*1; H, 7-8; X, 5-0. €29114904X2,2HCl,0-5H2O
requires €, 61-9; H, 7-7; X, 5-0%). This isomer was identified as Abg by its R^ value and 
mixed m. p. €oncentration of the mother-Iiquor and addition of ether gave the dihydro­
chloride (0-84 g.), m. p. and mixed m. p. 247—257°, of base (XXII; AaJ (Found, in sample 
dried at 100°: €, 61-9; H, 7-65; X, 5-0%). Isomer (AaJ [( +  )-emetine] was more difficult to 
free from traces of (Abg), as shown by paper chromatography, and three crystallisations were 
necessary to obtain a homogeneous sample, but the Rp of the final sample was the same as that 
of Aa^  and emetine.
P aper Chromatography o f Em etine Stereoisomers.—Ethyl methyl ketone (600 c.c.) was shaken 
with 2N-hydrochloric acid (200 c.c.). The ketone layer was used as the eluant in descending
chromatography. Emetine dihydrochloride was used as a marker spot and given 1 (distance 
travelled =  31 cm.). The R p  values are given in Table 1; in addition to the isomers (Abo, 
Bci, and BdJ in Table 1 which could be separated from emetine it was possible to separate 
isomers (Bc^ ) and (Bdj). The spots were detected with a reagent described by Brossi, Hafliger, 
and Schnider.30
-R ubrem etin ium  B rom ide (XXIV).—Tetradehydroemetinium iodide hydriodide (XXIII; 
A) (0-37 g.) was oxidised in dilute acetic acid containing potassium acetate and mercuric 
acetate according to the procedure of Battersby, Openshaw, and Wood. * The bromide crystal­
lised from dilute hydrobromic acid as orange-red needles (0-16 g.). When dried at 50° in  vacuo 
for T5 hr. the salt had m. p. 177—185° with the meniscus at 197—205°, behaviour similar to 
natural ( +  )-rubremetinium bromide ( P y m a n  records m. p. 100—180°, meniscus at 195— 
205°) (Found, in air-dried specimen : C, 58 3; PI, 0 2; N; 4-7. Calc, for C„9pl3304N2Br,2-5H20 : 
C, 58-2; PI, 6-4; N, 4-7%. Found, in sample dried at 100°: C, 62-2; PI, 5-9; Br, 14-9. Calc, 
for C2oH3304NaBr: C, 62-9; IP, 6-0; Br. 14-4%). The (±)-salt had (in HgO) 257-5, 288, 
300, 437-5 m[jL (log e 4-21, 4-22, 4-22, 4-44). ( +  )-Rubremetinium bromide had (bi H2O)
257-5, 288, 300, 437-5 mp (log e 4-21, 4-20, 4-21, 4-40). I'he infrared spectra (hexachloroethane 
KBr, Nujol) and the (butanol, acetic acid, and water) were the same.
The authors are indebted to Dr. Schnitzer and his associates for the biological results, to 
Drs. Chopard and Wagland for the infrared spectra, to Drs. Cohen, Brossi, and Schnider for 
discussions, and to Mr. Tadd for experimental assistance.
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SYNTHESIS OF EMETINE AND 
STEREOISOMERS OF EMETINE
By M . Barash and J. M . Osbond 
R och e P rodu cts  L im ited , W elw yn G arden C ity , H erts .
Emetine has structure’ (X); a synthesis has been 
claimed by Evstigneeva et al."^  A new total synthesis 
and resolution is now reported, together with the 
isolation of six other stereoisomers of emetine.
Hydrogenolysis (Pd/C) of the product obtained by 
condensing 2:6-dichloro-3-ethyl-4-methylpyrldine3 
with sodium benzyloxide (1m), gave 3-ethyl-4-methyl- 
(m.p. 170-172-5°) and 5-ethyl-4-methyl-2-pyridone 
(m.p. 160-161-5°). The latter compound with
p-(3:4-dimethoxyphenyi)ethyl iodide gave compound 
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m.p. 141-5-142-5°), obtained from compound (I) 
and ethyl oxalate, resulted in formation of compound 
(III) which on reduction (Pt0 2 /Me0 H) afforded the 
two 2-piperidone-4-acetic acids (IV; dl-A, m.p. 
154-156° and dl-B, m.p. 152-153°). The homo- 
veratrylamide (V, dl-A) of (IV, dl-A) was cyclized 
(POCI3) to a tetradehydroemetinium salt (VIII)
(iodide hydroiodide, m.p. 172-176° (decomp.) which 
was dehydrogenated^  to (±) rubremetinium bromide.
Compound (VI), dl-A  (m.p. 122-5-124°) obtained 
from (V), dl-A  by monocyclization  ^ (P2O5/toluene), 
was reduced to a mixture of (VII) (dl-Aa. hydriodide 
m.p. 214-216° and dl-Ab hydriodide m.p. 207-208-5°). 
Cyclization of (VII dl-Ah) afforded the dehydroeme- 
tinium salt (IX dl-Ah) (iodide hydriodide m.p. 
195-196°), which on reduction (Pt02  or NaBH4) 
yielded two of the eight stereoisomeric racemates of 
emetine (X) {dl-Abi and /^/-Ab2). dl-A bi is considered 
tq^  be (//-emetine on the evidence provided in the 
two tables. In addition, 5 other isomers have been 
obtained in a similar manner.
E m etine
D ih yd roch lor id e  m .p. 2 4 9 -5 6 °  m .p . 2 3 5 -5 5 '
D ih y d ro io d id e
B ase
B is(-)d ib en zoy l
tartrate
m .p .2 3 7 -2 3 8 '  
m .p. 7 0 -7 3 °  
m . p . 1 8 0 -1 8 2 '  
(d ecom p .)  
[«]%'-62-2 
(c ., 0-744  in 
M eO H )
m .p. 2 3 6 -3 7 °  
m .p . 74° 
m .p. 180-181' 
(d ecom p .)  
[=]^ -62 
(c ., 1 -0 in 
M eO H )
S te reo iso m e r  in vivo
A m o eb ic id a l a c tiv ity  
in vitro
T o x ic ity
L D 5 0
Infrared  
com parison  
Sim ilar but 





m e th y le th y l-
o f  em etine ■ m g.Ikg . ketone!
C£)50 m g.Ikg . m eg. j  m l. 2n H C l.
A a i > 5 0 1000 3 5 -4 0 1-00
Aa2 — — — 0 -6 0 t
A b i 19-5 1000 25 I -00
A b z 64-6 10000 > 2 0 0 0-62t
B c i 133 1000 > 2 5 0 0-79t
B d i 200 1000 > 5 0 0 0-67f
Bdz ------ -— ' — 0 -7 3 t
E m etine 6 25-12-5 10-100 40 I -00
t  Separation  from  em etin e  can  b e  effected.
The authors wish to thank Drs. A. Cohen, A. Brossi 
and O. Schnider for valuable discussions, Mr. M. Tadd 
for assistance, Drs. Schnitzer and Russomanno 
(F. Hoffmann-La Roche, Inc., Nutley) for the 
biological results and Dr. Chopard (F. Hoffmann-La 
Roche & Co., Bale) for the infrared spectra.
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